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Abstract
Hemmer, Scott, M.S. May 2004. Wildlife Biology
Winter foraging ecology and browse effects of mule deer, elk, white-tailed deer, 
and cattle on the Theodore Roosevelt M em o^l Ranch, (pp. 103)
Committee Chairs: C .^tes^^a^m  and Ja^kW. Thomas
The Theodore Roosevelt Memorial Ranch (TRM ranch) has traditionally been 
an important ungulate winter range in north-central Montana. Ungulate numbers 
on this winter range have recently increased and the appearance of woody 
vegetation on the ranch indicated potential overbrowsing.
The purpose of this study was to examine the condition of chokecherry {Prunus 
virginiana), aspen {Populus tremuloides), and creeping juniper {Juniperus 
horizontalis) and the impact of browsing by ungulates on these species. The 
condition and trend of chokecherry, aspen, and creeping Juniper on the ranch 
were examined by surveying growth rates and condition indices for these 
species. The effects of browsing on plant condition were compared at wildlife 
and livestock exclosure sites. Histories of browsing pressure on chokecherry 
and aspen were reconstructed through analysis of browsing-related architectures 
and compared to changes in ungulate numbers. Additionally, winter food habits 
of mule deer {Odocoileus hemionus), elk {Cervus elaphus), and white-tailed deer 
{Odocoiteus virginiana) and fall food habits of cattle (80s taurus) on the ranch 
were determined through analysis of fecal samples during 2001-2003.
Browsing was found to have had a significant impact on the condition of 
chokecherry and creeping juniper, while the effects of browsing on aspen were 
less severe. Browsing pressure appeared to be limiting the stature of 
chokecherry plants, but not the stature of aspen. Browsing histories indicated 
browsing intensity in chokecherry increased in the early 1980s and again in the 
late 1980s, while browsing intensity in aspen increased in the late 1980s. The 
timing of increases in browsing intensity coincided with increases in mule deer 
and elk numbers. Fecal analysis showed that diets of mule deer and white-tailed 
deer consisted primarily of browse and that creeping juniper was the single most 
important forage for deer. Elk and cattle diets consisted mostly of graminoids. 
The amount of aspen and chokecherry in all ungulate diets studied was 
insignificant.
The results of this study imply browsing pressure has caused a decline in the 
condition and trend of chokecherry and creeping juniper on the ranch. Changes 
in browsing intensity appear to be associated with changes in winter mule deer 
and elk populations.
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INTRODUCTION
The Theodore Roosevelt Memorial (TRM) Ranch is located in prime 
ungulate wintering habitat in north-central Montana. This winter range has 
traditionally supported relatively large winter populations of mule deer 
{Odocoileus hemionus) and elk {Cervus elaphus), and currently exhibits evidence 
of over-browsing. The hedged appearance of several browse species, primarily 
chokecherry {Prunus virginiana), Bebb willow {Salix bebbiana), and aspen 
{Populus tremuloides) on the ranch indicate that intense browsing pressure has 
caused a deterioration in the condition of these plant species. In chokecherry, 
this hedged appearance has been present since at least 1991 (Hurlbert 1993) 
and intense browsing may have been occurring for decades (G. Olson, Montana 
Department of Fish Wildlife and Parks (MDFWP), personal communication). 
However, the presence of tall, unhedged chokecherry, willow, and aspen 
indicates that historically the architecture and height of these plants differed, as 
did the browsing intensity. An increase in browsing pressure on aspen in the 
early 1990s and on Bebb willow and chokecherry in the early 1980s was reported 
for the TRM Ranch (Keigley and Olson 2001). Two possible explanations for this 
change in browsing pressure are increased ungulate numbers or a shift in 
browse use.
Keigley and Olson (2001) found that plants protected from browsing on 
the TRM Ranch exhibited increased growth rates compared to plants exposed to 
browsing (Keigley and Olson 2001). They also noted relatively low growth rates 
in several species of browse, even in plants that had not been recently browsed.
This Indicated a decline in plant condition, possibly due to repeated periods of 
intense browsing. Current browsing levels may be reducing growth severely 
enough to affect their stature, which would explain the absence of tall 
chokecherry in most areas.
Aspen, chokecherry, and Bebb willow have been identified as browse 
species commonly utilized by mule deer and elk, (Mackie 1970, Kufeld 1973, 
Kufeld et al. 1973). However, studies in this region (Kasworm et al. 1984) found 
that these species were not a major dietary component of wintering elk or mule 
deer diets and that in the winter mule deer fed primarily on creeping juniper 
{Juniperus horizontalis), and elk fed primarily on grasses. Although aspen, 
chokecherry and Bebb willow may not be important components of winter 
ungulate diets on this range, they do provide important resources for many other 
species, which are found on the ranch. Repeated intense browsing pressure can 
negatively affect growth, fecundity, survival, productivity, fitness, size, and 
nutritional quality of plants and may eventually lead to localized extirpation 
(Crawley 1983, Bergstrom and Danell 1987, Doak 1992, Kay 1995, Bergman 
2001). Additionally, a decrease in the productivity of intensely browsed plants 
may shift browsing pressure toward other less preferred plant species, and in 
time negatively affect the overall condition of the winter range.
Management of ungulate populations on winter ranges is one of the 
biggest challenges for many game managers. The number of ungulates a winter 
range can sustain is generally based on the amount of forage available and the 
level of utilization it can sustain without a decrease in range condition. However,
determining acceptable levels of utilization can be complicated because 
predicting the effects of herbivory on plants is difficult. The intensity, timing, 
frequency, and duration of herbivory and the age, condition, and species of plant 
can all alter the impacts of herbivory (Julander 1937, Crawley 1983, Danell et al. 
1994, Kay 1995, Bergmann 2001). Determining the level of utilization on a 
range is also time and labor intensive and can be prone to error (Mackie and 
Lonner 1977). Therefore, some game managers have been evaluating the use 
of growth form analysis to determine the condition of browse as an alternative to 
techniques relying on measurements of utilization (Keigley 1997, Keigley and 
Frisina 1998).
OBJECTIVES
The primary objective of this study was to determine the condition and trend of 
browse on the Theodore Roosevelt Memorial Ranch and examine the 
relationship between browse condition and ungulates on the winter range.
1) Determine fall diets of cattle and winter diets of mule deer, elk, and 
white-tailed deer on the TRM Ranch.
2) Determine the condition and trend of chokecherry and aspen on the 
TRM Ranch.
3) Determine the condition and growth form of creeping juniper on the 
TRM Ranch.
4) Reconstruct a browsing history of aspen and chokecherry.
5) Determine the future effects of current browsing intensities on the 
stature of aspen and chokecherry.
STUDYAREA
The majority of this research was conducted on the Theodore Roosevelt 
Memorial (TRM) Ranch. The TRM Ranch is located in Teton County in T27N 
R8W and R9W, along the Eastern Front of the Rocky Mountains in Montana.
The ranch is roughly 2,445 ha in size and located about 13 km southwest of 
Dupuyer, Montana (Fig. 1).
The ranch was purchased in 1986 by the Boone and Crockett Club and 
still functions as a working cattle ranch with 200 cow-calf pairs year-round and an 
additional 160 cow-calf pairs during the summer. The ranch historically has been 
an important wintering habitat for mule deer and elk. Elk and mule deer densities 
on this winter range have traditionally been higher than most other areas along 
the East Front. Migration of mule deer and elk onto the ranch is largely 
dependent on snowfall on summer and transitional ranges. Mule deer generally 
arrive on the winter range in mid-November and remain on the ranch until 
approximately mid-May (Kasworm 1981, Keigley and Olson 2001). The timing of 
elk migration is highly variable, but elk generally begin arriving in late August and 
remain on the ranch until mid-April (Olson et al. 1994, Gary Olson personal 
communication 2004). A few mule deer and elk remain on or near the ranch 
year-round.
In 1987, four paired wildlife and livestock exclosures were established on 
the ranch. These exclosures were the Lenstra Creek, Deer Hill (previously 
referred to as Upper Creek Bottom by Offerdahl in 1989), Elk Hangout, and 
Lower 1500 exclosures (Fig. 1).
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Figure 1. Map of the Theodore Roosevelt Memorial Ranch and locations of 
exclosures.
Another unpaired wildlife exclosure, the Baumeister exclosure, was established 
In 1998. The livestock exclosure at each site is enclosed by a three-strand 
barbed wire fence approximately 1.0 meter high. The wildlife exclosures are 
each enclosed by a net wire fence approximately 3.0 meters high.
Vegetation
The TRM Ranch is located in the ecotone between the mountain-foothills 
of the Rocky Mountains to the west and the Great Plains to the east. Due to Its 
unique location, there are variety of habitat types and vegetation communities 
present.
Offerdahl (1989) identified 22 plant communities on the ranch. Rough 
fescue {Festuca scabrella) and Limber pine (Pinus flexHis) habitat types were the 
dominant habitats identified. The dominant grasses found were Rough fescue, 
Idaho fescue {Festuca idahoensis) and bluebunch wheatgrass {Agropyron 
spicatum). Shrubby cinquefoil {Potentilla fruticosa), creeping juniper, common 
snowberry {Symphoricarpus albus), and wood’s rose {Rosa woodsii) are 
prevalent shrubs on the ranch. Limber pine is most common on ridges and 
higher elevation areas. Aspen, limber pine, and Douglas fir {Pseudotsuga 
menziesii) are common on the southwestern portion of the ranch. Riparian 
habitats In the region consist predominately of cottonwood {Populus spp.), willow 
{Salix spp.), and aspen (Offerdahl 1989).
Climate
Weather along the Eastern Front Is can be quite severe, especially during 
the winter. Precipitation is highly variable but usually Is about 30-35 cm per year 
with much of it coming as snowfall (Keller 1996, NCDC 2003). Average monthly 
temperatures in the region range from a low of 6°C in January to a high of 17 °C 
in July (NCDC 2003).
During winter and early spring, this region experiences strong westerly 
and southwesterly winds. Average monthly wind speeds near the study area 
range from 4-7 m/s with the highest wind speeds occurring during the winter 
(Georesearch Inc. 1987). The East Front also regularly experiences warm 
Chinook winds, which sweep eastward over the plains and can reach sustained 
speeds in excess of 27 to 31 m/s and occasionally gusts to 45 m/s (Keller 1996). 
These warm winds can significantly decrease snow pack and soil moisture while 
increasing temperatures (Barry 1992). Average rainfall was 33.8 cm/year and 
the average yearly temperature was 5.4 ®C at the Blackleaf weather station from 
1979-2002 (Fig. 2).
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Figure 2. Average yearly temperature (®C) and precipitation (cm) recorded at 
the Blackleaf weather station
Ungulate Population Trends
Populations of wintering elk on the TRM Ranch have recently been 
increasing (Fig. 3). Mule deer counts increased In the early 1980s and then 
dropped significantly. In the mid-1980s more restrictive hunting regulations were 
implemented for mule deer and elk. Subsequently, population counts for mule 
deer and elk increased In the late 1980s and early 1990s.
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Figure 3. Winter mule deer and elk counts from HD 441. 
(Data courtesy of Gary Olson, MDFWP)
METHODS 
Dietary Composition
Diets of mule deer, elk, cattle, and white-tailed deer were analyzed 
through microhistological analysis of fecal samples at the Washington State 
University Habitat Nutrition Laboratory (Sparks and Malechek 1968). Diet 
composition was based on the relative abundance of plant fragments in 200 slide 
views. Plant fragments were identified to the species level whenever possible.
Cattle fecal samples were collected monthly from mid-September until 
mid-January and mule deer and elk samples were collected from mid-December 
until mid-April in 2001-2002 and 2002-2003. A minimum of 5 samples were 
collected three times a month for a total of at least 15 samples for each sampling 
period, when possible. White-tailed deer fecal samples were collected during the 
winter of 2002-2003 and combined for analysis. Ungulate fecal samples were 
collected by observing animal groups until defecation occurred and then 
collecting fresh fecal samples from that area.
Dietary Overlap
Dietary overlap between deer, elk, cattle and mule deer was then 
estimated using two separate similarity indices. The first was the Steinhaus 
similarity index (Gauch 1973, Hansen and Reid 1975, Legendre and Legendre 
1998), which measures the similarity of dietary composition between herbivores 
using the following equation;
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PS(jk) = 100* .
E(Pij + Pik)
where Pij and Pik are the percentage of plant species i in sample j and k and min 
(Pij, Pik) is the percent of plant species i common to both samples (i and k). 
PS(jk) is the overall percent similarity of the two diets where a value of 0% 
indicates the diets are completely different and a value of 100% indicates the 
diets are identical.
Dietary overlap was also measured using Morisita’s coefficient (1959) as 
modified by Horn (1966) where:
( 2 £ Pij * Pik]
C l =  _________________ *100
[Z P f  + ZPik^l
In this equation, CX = the overlap between ungulate species j and k, Pij and Pik = 
the proportion of species i in the diet of ungulates j and k. Morisita’s coefficient 
varies from 0, when diet composition is wholly dissimilar, to 100 when diets are 
identical.
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Browsing Intensity
Browsing intensity levels were determined for 34 chokecherry and 14 
aspen sites during 2002-2003. At most sites, 20 plants were randomly selected 
and classified based on their apparent level of browsing intensity. To be 
selected, a plant had to be at least three years old and < 1.5 m tall. The level of 
browsing intensity was classified into one of two levels of browsing intensity, 
light-to-moderate and intense (Keigley and Frisina 1998). Plants were classified 
as intensely browsed if at least one complete annual segment was killed due to 
browsing. If no annual segments were killed by browsing, then browsing 
intensity was classified as light-to-moderate.
Browsing History
Browsing-related architectures of aspen and chokecherry plants were 
examined at each site. Growth form analysis (Keigley and Frisina 1998) provides 
a qualitative method of determining historic levels of browsing intensity. The 
architectures are formed as the terminal leader grows through the browse zone. 
There are four architecture types:uninterrupted growth-type arrested-type, 
retrogressed-type, and released-type (Keigley and Frisina 1998). Uninterrupted 
growth-type architectures indicate light-to-moderate browsing pressure while the 
stem passed through the browse zone. Uninterrupted growth-type plants have 
not had any complete annual segments killed by browsing. Arrested-type stems 
indicate intense browsing pressure since establishment and have had at least 
one annual segment killed by browsing. Retrogressed-type architectures are 
indicative of a change in browsing pressure from light-to-moderate to intense.
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During, past periods of light-to-moderate retrogressed-type plants grew taller 
than arrested-type plants. The subsequent period of intense browsing resulted In 
the death of at least one annual segment and often results in the formation of 
twig clusters or in the death of the upper portion of the stem. Released-type 
architecture plants are indicative of a change in browsing pressure from intense 
to light-to-moderate. During the initial period of intense browsing pressure, 
browsing killed at least one annual segment and the plant would have exhibited 
an arrested or retrogressed-type architecture. After browsing intensity 
decreased, the stem was able to grow out of the browse zone
(Fig. 4).
a) Uninterrupted growth-type
Twig clusters 
(30-150 cm)
b) Arrested-type
Twig clusters at 
varying heights
c) Retrogressed-type
Twig clusters 
followed by 
uninterrupted 
growth
d) Released-type
Figure 4. Shrub architecture types in growth form analysis (Keigley and Frisina 
1998)
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yAspen.-Browsing history was reconstructed for 14 aspen sites in 2002- 
2003 using the architecture-based method of Keigley and Frisina (1998). At 
each site, 20 straight-growing (uninterrupted growth-type) trees k 2.5 m in height 
were selected and aged using tree cores. A stratified sample of aspen trees 
was collected with varying diameter classes so that a broad range of tree ages 
would be sampled. Tree diameters were recorded 50 cm above the ground. The 
ages of straight growing aspen trees were used to estimate past periods of light- 
to-moderate browsing pressure.
Additionally, 20 aspen plants that were <1.5 m high were randomly 
collected and aged. These plants were used to reconstruct the history of recent 
levels of browsing intensity. Additionally, any retrogressed-type or released-type 
plants available were collected as indicators of recent changes in browsing 
pressure.
Chokecherry.—Browsing histories were determined for 34 chokecherry 
sites in 2002-2003. When present, several tall (>2.0 m) uninterrupted growth- 
type chokecherry stems were sampled to represent past light to moderate 
browsing pressure. In addition, approximately 20 plants <1.5 m in height were 
collected and aged. These plants were used to determine recent browsing 
intensity levels. Any retrogressed-type plants or released-type plants present at 
each site were also sampled as indicators of recent changes in browsing 
intensity.
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Plant Measurements
When possible, 20 chokecherry or aspen plants <1.5 m In height were 
randomly selected at each site during the summer of 2002 and 2003. 
Measurements were collected and recorded on the condition and growth of each 
plant. These measurements included height to previous year’s growth (Hpyg), 
height to the tallest dead annual segment killed by browsing (Ho), current year’s 
growth (CYG), growth for the previous three years (LI, L2, L3), age of the stem 
(As), the number of berries present (only in 2003) (Fig. 5). The status (browsed 
or unbrowsed) of the previous year’s terminal leader was also recorded.
HPYG
- H D
CYG
L1 (PYG)
L2
L3
Figure 5. Vegetation measurements collected.
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Condition Indices
The measurements of the 20 selected plants were used to calculate three 
indices of plant condition: 1) total net annual growth rate (NAGRj), 2) net annual 
growth rate for the last three years (NAGRus). and 3) live-dead index (LD index). 
NAGRt is the total net annual growth rate of the plant, excluding the current 
year’s growth. NAGRt was calculated by dividing the Hpyg by the age of the 
stem at the base minus 1(As-i). NAGRls was calculated by averaging plant 
growth over the past three years (Li+L2+L3)/3). The LD index measures the 
difference between the height of live stems and the height of stems killed by 
browsing. The LD index is an indicator of plant vigor and its ability to recover 
from Intense browsing pressure. The LD index was calculated by subtracting the 
height of the tallest dead annual segment (Hd) from the height of previous year’s 
growth ( H p y g ) .
Condition indices were compared between samples collected from inside 
wildlife and livestock exclosures and outside the exclosures. If the number of 
means compared was ^2 a separate variance t-test was used. If there were ^3 
comparisons an ANOVA was conducted. Then Tukey’s HSD or Games-Howell 
comparison of means test was conducted. The Games-Howell method was used 
if the sample variances were determined to be unequal based on Levene’s test 
for equality. Differences were considered significant when p < 0.05. The 
statistical analysis of the data was conducted using SPSS statistical software 
(SPSS Inc. 2002).
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Future Effects of Browsing on Plant Stature
Twenty dead arrested-type plants were selected and aged to 
determine the maximum survival age at each site ( A m a x s )  and on the ranch 
( A m a x r )  for stems experiencing Intense browsing pressure. Next, the number 
of years required for a 60 cm plant to grow out of the browse zone (Y250cm) 
was calculated for each site. The Y25ocm was calculated by dividing 200 cm 
(the Increase In height necessary for a 50 cm plant to grow out of the browse 
zone) by the net annual growth rate for the last three years (NAGRls). The 
Y250cm was then compared to A m a x s  and A m a x r  to determine the likelihood that 
a stem will grow out of the browse zone.
Photoclassification
Because creeping juniper Is a prostrate, low-growing shrub, 
architecture based analysis of this species was not possible. Therefore, a 
photoclassification method was developed to survey the growth form of 
creeping juniper on the TRM Ranch. Creeping juniper transects were 
established at 18 sites in 2002 and 38 sites In 2003. Transects were 50 m In 
length In 2002, but were shortened to 30 m In 2003 due to the difficulty of 
finding large patches of creeping juniper. Twenty creeping juniper plants 
were randomly selected along each transect. A creeping juniper growth form 
classification scale with three categories was created. The scale ranged from 
1 to 3, where a value of 1 represented a highly hedged growth form and a 
value of 3 represented a relatively unhedged growth form. Each plant
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selected was compared to three reference photos (Appendix J) that were 
each characteristic of a different creeping juniper growth form category. 
Selected plants were assigned to a growth form category based on the 
picture each plant most closely resembled. Differences in photo class were 
compared inside and outside wildlife and livestock exclosures. Mean photo 
class was compared using a Mann-Whitney U test when the number of 
comparisons was <3. For ^3 comparisons a Kruskal-Wallis H test was 
conducted to determine if any of the means differed significantly. Then a 
Mann-Whitney U test was conducted to determine which sample differed 
significantly. Differences were considered significant when p < 0.05. 
Creeping Juniper Growth Rates
In 2003, all creeping juniper leaders collected were clipped and aged 
20 cm from the terminal end. This information was used to calculate the net 
annual growth rate for the terminal 20 cm (NAGRzocw) Additionally, creeping 
juniper leaders were aged at 40 cm from the terminal end and at the base of 
the stem to determine past growth rates. Creeping juniper was present at 
three of the paired wildlife-livestock exclosures and at one wildlife only 
exclosure. The differences in NAGR20CM for creeping juniper were compared 
between transects inside and directly outside the exclosures. If the number of 
means compared was s2 a separate variance t-test was used. If there were 
S3 comparisons an ANOVA was conducted. Then a Tukey’s HSD or Games- 
Howell comparison of means test was conducted. The Games-Howell 
method was used if the sample variances were determined to be unequal
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based on Levene's test for equality using a separate variances t-test, if not 
the Tukey’s HSD test was used. Differences were considered significant 
when p < 0.05.
Comparison of Growth Rates and Photoclassification
The relationship between NAGR20CM and photo class was compared 
for creeping juniper by creating a linear model for the data and the strength of 
the correlation between the variables was estimated using Pearson’s 
correlation coefficient.
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RESULTS 
Diet Composition
Mule Deer.- The diet of mule deer consisted primarily of browse plants 
during the winters of 2002 (77%) and 2003 (63%) (Figs. 6 and 7). Muie deer 
diets also contained of a large percentage of forbs (19.4%-22.2%). The 
primary species utilized were Juniperus spp., Luplnus spp., silverberry 
(Eleagnus commutate), and prairie sage {Artemesia ludoviclana) (Appendix 
A). Microhistological analysis of fecal samples was only capable of identifying 
some plant fragments to genus. This was the case for the genus Juniperus. 
However, due to the higher abundance and observed use of creeping juniper, 
it is probable that the majority of the Juniperus identified was actually 
creeping juniper, which ranged from 41.5% to 76.0% in mule deer diets. The 
proportion of juniper and browse in the diet increased during the later part of 
winter (mid-February thru mid-April). No aspen or chokecherry was detected 
in 2002 and only small percentages of chokecherry (0.9%) and aspen (0.2%) 
were found in 2003 (Appendix A). In contrast, the proportion of forbs was 
highest in early winter (mid-December-mid-February), but decreased as 
winter progressed (Fig. 8). Grasses were a minor component of mule deer 
diets throughout winter (4.4%-16.0%). The proportion of grass in the diets, 
like the proportion of forbs, decreased as winter progressed. Unlike forbs 
however, grass use increased in late winter/early spring (mid-March to mid- 
April) (Fig. 8).
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Mule deer dietary composition was similar during both winters.
Conifers (creeping juniper) remained the largest component of mule deer 
diets both years. However, conifer and shrub use decreased slightly and forb 
use increased in 2003 (Appendix A).
Elk D/ete.--The winter diet of elk differed greatly from that of mule deer. 
Elk ate predominantly grasses in both 2002 (76.9%) and 2003 (74.1%) (Figs. 
6 and 7). The primary species in winter elk diets were Agropyron spp., Poa 
spp., Stipe spp., Koeleria spp., and Luplnus spp. Grass comprised the 
majority (>50%) of the elk diet during every month sampled in both years 
(Appendix B). Elk diets were very similar during both winters, but contained 
slightly higher percentages of conifers and shrubs during 2003. Creeping 
juniper was a minor component of elk diets during both winters. No aspen and 
very little chokecherry were detected in the winter diets of elk in either year 
(Appendix 8).
Cattle Diets." The fall diets of cattle were similar to winter elk diets 
consisting almost entirely of graminoids. Their fall diets averaged 79.8% 
grasses and 16.6% sedges and rushes in 2002, and 76% grasses and 21% 
sedges and rushes in 2003 (Figs. 6 and 7). Forb use was only 2.3% in both 
years and consumption was highest in early fall (Fig. 10). Conifers were 
absent and shrubs were rare (<1%) in cattle diets. The primary plants in 
cattle diets were Poa spp., Agropyron spp., Juncus spp.. Stipe spp., Carex 
spp., and Deschampsia caespitosa. The diets of cattle did not differ 
substantially between 2002 and 2003. The percentage of the diet consisting
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of grass decreased and the percentage of sedges/rush increased in 2003 
(Appendix C).
White-tailed cfeer.-The winter diet of white-tailed deer was more 
diverse than any other ungulate group studied. Their diet in 2003 consisted 
of 19.3% conifers, 24.7% shrubs, 15.1 % forbs, 36.3% grasses, and 3.7% 
sedges and rushes (Fig. 7). The primary plants in their diet were Juniperus 
spp., Poa spp., Bromus spp., and Stipa spp. (Appendix D).
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Figure 6. Winter dietary composition (%) of mule deer and elk, and fall 
dietary composition of cattle during 2001-2002 on the Theodore 
Roosevelt Memorial Ranch.
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Figure 7. Winter dietary composition (%) of mule deer, elk, and white-tailed deer and fall dietary composition of cattle 
during 2002-2003 on the Theodore Roosevelt Memorial Ranch.
ro
23
20
G
Deci-Jan Jan-Feb
■  Sedges/Rushes 
H Grasses 
ED Forbs 
B  Shrubs
□  Juniperus
□  Conifers
Feb-Mar Mar-Apr
Figure 8. Seasonal changes in winter mule deer dietary composition 
(% ) on the Theodore Roosevelt Memorial Ranch during 2002-2003.
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Figure 9. Seasonal changes in winter elk dietary composition (% ) on the 
Theodore Roosevelt Memorial Ranch in 2002-2003.
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Figure 10. Seasonal changes in fall cattle dietary composition (%) on the 
Theodore Roosevelt Memorial Ranch in 2001-2002
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Dietary Overlap
Fall cattle and winter elk diets both consisted primarily of grasses and 
sedges and had the highest levels of dietary overlap of all the ungulate diets 
studied (Table 1). The most important grasses in both cattle and elk diets were 
Poa spp., Agropyron spp., and Stipa spp.
Mule deer and white-tailed deer also had relatively similar dietary 
compositions and both consisted of a greater variety of forage groups than seen 
in elk or cattle. The largest component of both deer diets was juniper. However, 
although juniper was an important part of white-tailed deer winter diets, it was 
three times more abundant in mule deer fecal samples. White-tailed deer also 
consumed a much larger percentage of grasses than did mule deer (36.3% vs. 
10%) (Figs. 6 and 7).
The lowest dietary overlap observed was between mute deer and cattle 
(Table 1). Mule deer diets consisted primarily of conifers, shrubs, and forbs, 
whereas cattle diets consisted mostly of grasses and sedges, and less than 3% 
conifers, shrubs, and forbs.
Table 1. Dietary overlap of winter mule deer, elk, and white-tailed deer diets and 
fall cattle diets on the Theodore Roosevelt Memorial Ranch. Dietary overlap 
measured using the Steinhaus’ and Morisita/Horn similarity indices.
Relationship Similarity Steinhaus Similarity Morisita/Horn
2002 2003 2002-2003 2002 2003 2002-2003
Mule Deer and Elk 24.2 23.6 26.4 11.7 17.1 14.7
Mule Deer and Cattle 11.3 14.9 12.9 3.5 3.5 5.0
Elk and Cattle 67.4 48.6 58.8 79.3 57.9 71.7
Mute Deer and 
White-tailed deer — — — 43.2 59.9 — — —
Elk and
White-tailed deer - - - - - - 38.9
------------- 31.0 -------------
Cattle and 
White-tailed deer
----------- 34.3 - - - - - - 46.2 — — —
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Browsing Intensity
Aspen.- Browsing intensity was surveyed at 14 aspen sites. None of 
these sites were 100% intensely browsed over both years. The average 
browsing intensity for all sites was 74 % and varied from 50 to 97.5% (Table 2). 
Browsing intensity was generally greatest at aspen sites on the northern part of 
the ranch.
Table 2. Percent aspen stems less than 1.5 m in height that were intensely 
browsed and age of the oldest uninterrupted growth-type architecture stem at 
each site.
Site 2002 n 2003 n Average2002-2003 n
Age of the oldest uninterrupted 
growth-type stem
1 90 20 65 20 78 40 6
2 100 19 65 19 82 38 5
3 100 20 95 20 98 40 3
4 80 20 65 20 73 40 7
5 100 20 75 20 88 40 4
6 90 20 95 20 93 40 23
7 50 20 53 19 51 39 13
8 45 20 70 20 58 40 8
9 65 20 70 20 68 40 9
10 100 20 95 20 98 40 4
11 90 20 60 20 75 40 13
12 65 20 50 20 58 40 6
13 — — 70 20 70 20 8
14 ------ — 50 20 50 20 5
Avg. 81 239 70 278 74 517 —
Chokecheny.—BtoyNsmg intensity was surveyed at 34 chokecherry sites in 
2002 and 2003. The average browsing intensity for all sites was 94.6%. At 29 of 
these sites, 90% or more of the stems were intensely browsed over the two 
years. Five of the 34 sites averaged greater than 90% of stems intensely 
browsed. Of these 5 sites, only three sites (11,15, and 18) had uninterrupted 
growth-type stems greater than 4 years old (Table 3).
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Table 3. Chokecherry Browsing Intensity. Percentage of chokecherry stems 
less than 1.5 m tall that were intensely browsed and the age of the oldest stem 
with uninterrupted growth-type architecture at each site.
Site 2002 n 2003 n Average2002-2003 n
Age of the oldest 
uninterrupted growth- 
type stem
1 100 15 93 15 97 30
2 92 12 87 15 89 27 3
3 100 20 95 20 98 40 4
4 100 20 100 20 100 40 "
5 95 20 100 20 98 40 5
6 100 20 95 20 98 40 6
7 80 10 87 15 84 25 4
8 100 20 85 20 93 40 5
9 94 17 100 15 97 32 4
10 90 20 100 20 95 40 6
11 90 20 85 20 88 40 9
12 100 20 100 20 100 40 —
13 95 20 95 20 95 40 6
14 95 20 90 20 93 40 8
15 95 20 75 20 85 40 8
16 100 20 95 20 98 40 5
17 100 20 100 19 100 39 “
18 85 20 90 20 88 40 8
19 95 20 100 20 98 40 4
20 95 20 85 20 90 40 4
21 90 20 95 20 93 40 5
22 95 20 95 20 95 40 7
23 100 20 95 20 98 40 6
24 95 20 93 15 94 35 6
25 100 20 90 20 95 40 4
26 100 20 100 20 100 40 —
27 100 20 100 20 100 40 —
28 100 15 100 20 100 35 —
29 ------------ — 95 20 95 20 5
30 ------------ — 90 20 90 20 5
31 — 95 20 95 20 4
32 — — — 95 19 95 19 6
33 - — — 95 20 95 20 6
34 — — — 95 20 95 20 6
Avg. 96 529 94 733 95 1182 ” **■
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Browsing History
>Aspen.-The aspen browsing histories indicate an increase in browsing 
pressure in the early to mid-1980s at several sites, but browsing pressure did not 
become intense at these sites until the late 1980s to early 1990s (Fig. 11). 
However, the browsing histories at 6 of the other sites (4, 7, 8, 9, 11, and 13) do 
not indicate a definite increase in browsing pressure. Even at these sites without 
a clear increase in browsing intensity, there was an increase in the presence of 
arrested-type aspen during the mid-to late 1980s (Fig. 11).
Several sites (1, 2, 3, 5,12, and 14) exhibited an increase in browsing 
pressure from light-to-moderate to intense starting in the mid-to-late 1980s.
There was an absence of aspen establishment during the mid-1950s to the mid- 
1960s at sites 1,2, and 3, which may indicate additional periods of intense 
browsing pressure during this time. Site 6 also had an increase in browsing 
pressure in the late 1980s. However, this site also exhibited evidence of a 
increase and subsequent decrease in browsing intensity between 1965 and 
1975. Architectures at site 10 indicated an increase in browsing intensity, but this 
Increase did not occur until the mid 1990s (Fig.11).
Six aspen sites (4, 7, 8, 9,11, and 13) exhibited no definitive evidence of a 
change in browsing pressure from light-to-moderate to intense, but arrested-type 
stems were present at these sites beginning in the mid to late-1980s. The 
presence of these plants suggests that browsing pressure may have increased 
during this period. However, aspen stems were established
□  Light-to-Moderate Intense
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Figure 11. Browsing histories of aspen sites on the Theodore Roosevelt Memorial Ranch (1965-2000).
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during this same time period that were not intensely browsed, which indicates 
that the increase in browsing pressure was not a large enough to be considered 
a change from light-to-moderate to intense browsing intensity (Fig. 11).
Chokecheny.-^ Chokecherry plants exhibited evidence of Intense browsing 
at every chokecherry site surveyed on the TRM Ranch. Over 70% of 
chokecherry sites consisted entirely of short, arrested-type chokecherry stems. 
The absence of tall, uninterrupted growth-type architecture stems at these sites 
prevented identification of any periods of light-to-moderate browsing and 
subsequently any increase in browsing intensity. Therefore, only the recent 
extent of intense browsing pressure could be determined (Fig. 12).
There were ten sites where tall, uninterrupted growth-type chokecherry 
stems, which indicate periods of light-to-moderate browsing, were still present. 
Three sites (11, 31, and 34) showed an increase in browsing pressure from light- 
to-moderate to intense in the early 1980s. Several other sites (1, 7, 9, and 29) 
did not experience an increase in browsing pressure until the late 1980s or early 
1990s. The browsing histories of sites 2 and 5 had arrested-type stems present 
since the early to mid-1970s. But both sites experienced periods of uninterrupted 
growth in the mid-1980s, after which browsing intensity increased. Site 26 
exhibited the earliest increase in browsing pressure, which occurred In the mid 
1960s (Fig. 13).
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Figure 12. Browsing histories at chokecherry sites without tall, uninterrupted growth- 
type sites on the Theodore Roosevelt Memorial Ranch.
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Figure 13. Browsing histories at chokecherry sites with tall, uninterrupted stems on the 
Theodore Roosevelt Memorial Ranch.
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Plant Growth and Condition
Aspen.- The average net annual growth rate over the last three years 
(NAGRls) for aspen was 9.3 cm/year in 2002 and 12.0 cm/year in 2003 
(Appendix E). The NAGRl3 values at aspen sites ranged from 6.7 cm/year to 
15.3 cm/year. NAGRl3 values inside the wildlife exclosures were not significantly 
greater than those of most other aspen sites. The sites with the lowest average 
NAGRl3 over both years were 3, 6, 6, and 10 (Fig. 14). These also were the 
sites with the highest levels of browsing intensity. At the Elk Hangout site, the 
NAGRl3 inside the wildlife exclosure (14.6 cm/year) was significantly greater than 
the growth rate seen inside the livestock exclosure (8.8cm/year). However, at 
the Lower 1500 site there was no significant difference in NAGRls between the 
wildlife (8.8 cm/year) and livestock exclosures (7.4 cm/year) (Fig. 15).
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Figure 14. Mean (X ±  95% 01) net annual growth rate for the last 3 years
(NAGRL3)(cm/year) at aspen sites on the Theodore Roosevelt Memorial Ranch in
2002-2003.
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Figure 15. Comparisons of mean ( X ± 95% 01) aspen net annual growth rates 
for the last 3 years (NAGRls) (cm/year) and significance (P values) of differences 
between wildlife (W) and livestock (L) exclosures at Elk Hangout and Lower 1500 
exclosure sites.
The average net annual growth rate total (NAGRt) in aspen was 10.0 
cm/year in 2002 and 11.1 cm/year in 2003. Growth rates varied from 6.6 
cm/year to 15.4 cm/year (Fig. 16).
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Figure 16. Mean (X ±  95% 01) net annual growth rates (NAGRt)
(cm/year) of aspen sampled at 14 sites on the Theodore Roosevelt
Memorial Ranch in 2002-2003.
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The average live-dead (LD) index was 20.7 in 2002 and 24.3 in 2003. All 
sites, except site 10, had a positive LD index (Fig. 17). The sites with the lowest 
LD index over the two years sampled were sites 3, 5, 6, and 10. The LD indices 
of stems in the Elk Hangout and Lower 1500 wildlife exclosures were significantly 
greater (P < 0.05) than the LD index at all other sites (Fig. 17). The LD indices 
inside the Elk Hangout (90.0) and Lower 1500 (80.7) wildlife exclosures were 
significantly greater (P < 0.001) than those inside the paired livestock exclosures 
(Fig. 18).
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Figure 17. Mean ( X ± 95% Cl) live-dead (LD) indices of aspen on the 
Theodore Roosevelt Memorial Ranch in 2002-2003.
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Figure 18. Mean (X ±  95% Cl) live-dead (LD) indices of aspen and 
significance (P-value) of differences between wildlife (W) and livestock (L) 
exclosures at the Elk Hangout and Lower 1500 sites on the Theodore 
Roosevelt Memorial Ranch in 2003.
Chokecheny.~~The average net annual growth rate over the last 3 years 
(NAGRls) for all chokecherry sites was 4.1 cm/year in both 2002 and 2003. 
Average growth rates ranged from 2.4 cm/year to 10.4 cm/year (Fig. 19). Growth 
rates were highest inside the wildlife exclosures at both the Deer Hill and Elk 
Hangout exclosure sites (Table 4.)
Table 4. Average NAGRls (cm/year) at the Deer Hill and Elk Hangout sites.
NAGRl3 (cm/year)
Deer Hill Elk Hangout
2002 2003 2002 2003
Wildlife Exclosure 14.9 9.9 9.0 9.5
Livestock Exclosure 5.2 6.0 7.0 3.8
Outside Exclosures 2.3 3.7 — - 2.7
The NAGRl3 values recorded in the Deer Hill wildlife exclosure were 
significantly greater than those measured at adjacent non-exclosure sites in both 
2002 and 2003. No significant difference in NAGRl3 values was present 
between chokecherry inside the wildlife exclosure and inside the livestock
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exclosure In 2003, but there was a significant difference In 2002. NAGR l 3 inside 
the livestock exclosure was not significantly greater than outside the exclosure In 
2003 (P = 0.357), but the difference was significant in 2002 (P = 0.001) (Fig. 20).
At the Elk Hangout site, NAGRlb was significantly greater inside the 
wildlife exclosure than outside the exclosure. No difference was detected 
between NAGRus values recorded inside wildlife and livestock exclosures at the 
Elk Hangout site in 2002 (P = 0.228), but the difference was significant in 2003 
(P = 0.002) (Fig. 20).
Chokecherry sites with northerly aspects generally had higher growth 
rates than those on southerly aspects (Fig. 21). However due to the limited 
number of south facing chokecherry sites, there was a high variability in growth 
rates and no significant difference was detected.
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Figure 19. Mean ( X ± 95% 01) net annual growth rates for the last three years
(NAGRls) of chokecherry sites on the Theodore Roosevelt Memorial Ranch in
2003.
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Figure 20. Mean (X ±  95% Cl) net annual growth rates (NAGRL3) of 
chokecherry and significance (P-values) of differences between wildlife 
(W), livestock (L) and outside (O) exclosures at the Deer Hill and Elk 
Hangout sites.
__ ASPECT
Figure 21. Mean ( X ± 95% 01) net annual growth rates for the last three 
years (NAGRL3)(cm/year) for chokecherry at sites with varying aspects on 
the Theodore Roosevelt Memorial Ranch in 2002-2003.
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The average NAGRt for ail chokecherry sites was 6.1cm/yr in 2002 and 
5.4 cm/yr in 2003 (Appendix F). NAGRj for chokecherry sites ranged from 3.1 
cm/year to 11.1 cm/year over the two years of sampling (Fig. 22). Average net 
annual growth rates were significantly lower at chokecherry sites located on 
southerly slopes (Fig. 23). Average NAGRj was higher inside the wildlife 
exclosure than inside the livestock exclosure or outside the exclosures at the 
Deer Hill site. At the Elk Hangout site, growth rates were actually higher inside 
the livestock exclosure (Table 5).
Table 5. Average NAGRt (cm/year) at the Deer Hill and Elk Hangout sites.
NAGRt (cm/year)
Deer Hill Elk Hangout
2002 2003 2002 2003
Wildlife Exclosure 11.0 6.1 7.2 6.5
Livestock Exclosure 5.2 4.4 7.5 6.7
Outside Exclosures 5.1 5.2 - — 4.4
The NAGRt at the Deer Hill wildlife exclosure was significantly greater 
than at either the adjacent livestock or non-exclosure site In 2002 and 2003. 
There was no significant difference in growth rates between chokecherry In the 
livestock exclosure and those outside the exclosures (Fig. 24).
At the Elk Hangout site, the NAGRt inside the livestock exclosure was 
significantly greater than outside the exclosure, but there was not a significant 
difference in NAGRT between the wildlife exclosure and either the livestock 
exclosure or outside the exclosure (Fig. 24).
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Figure 22. Mean (X ±  95% Cl) net annual growth rates (NAGRt) (cm/year) of 
chokecherry sites on the Theodore Roosevelt Memorial Ranch in 2002-2003.
Aspect
Figure 23. Comparison of mean (X  ± 95% Cl) chokecherry net annual growth 
rates (NAGRt) at sites with varying aspects on the Theodore Roosevelt Memorial 
Ranch in 2002-2003.
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Figure 24. Mean (X ±  95% Cl) net annual growth rates (NAGRt) of 
chokecherry and significance (P-values) of differences between wildlife 
(W), livestock (L) and outside (O) exclosures at the Deer Hill and Elk 
Hangout exclosure sites.
The average live-dead (LD) index for all chokecherry sites was 1.9 in 2002 
and 4.0 in 2003 (Appendix F). Average LD indices ranged from -2.1 to 19.6 (Fig. 
25). No significant difference in LD indices was found between chokecherry sites 
on differing aspects. LD indices were higher inside the wildlife exclosure than 
inside livestock exclosure our outside the exclosures at both the Deer Hill and Elk 
Hangout sites (Table 6.)
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Table 6. Average LD indices (cm/year) at the Deer Hill and Elk Hangout sites.
LD INDEX
Deer Hill Elk Hangout
2002 2003 2002 2003
Wildlife Exclosure 81.4 81.8 48.5 40,7
Livestock Exclosure 2.1 14.5 1.8 1.4
Outside Exclosures 0.1 2.3 — 2.3
LD indices were significantly greater (P < 0.001) for chokecherry inside 
wildlife exclosures than either inside the livestock exclosures or outside the 
exclosure at both the Deer Hill and Elk Hangout sites in both years (Fig. 26). LD 
indices were not significantly greater inside the livestock exclosure than outside 
the exclosures at the Elk Hangout of Deer Hill sites (Fig. 26).
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Figure 25. Average (X ±  95% Cl) live-dead (LD) indices of chokecherry sites 
on the Theodore Roosevelt Memorial Ranch.
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Figure 26. Average (X ±  95% Cl) net annual growth rates for the last three years 
(NAGRL3) of chokecherry and significance (P-values) of differences between 
wildlife (W), livestock (L) and outside (O) exclosure transects 
at the Deer Hill and Elk Hangout exclosure sites.
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Berry Production.-- Average chokecherry berry production on the TRM 
Ranch was 7.0 berries/plant in 2003. Berry production was highly variable (SD 
45.1). Average berry production varied from 0 to 67.9 berries/plant (Fig. 28).
The majority of plants surveyed had no berries present in 2003.
There was not a significant difference in berry production between grazing 
treatments at the Deer Hill site (ANOVA F = 2.93, p = 0.061), but berry 
production was higher Inside the wildlife exclosure (16.5 berries/plant) 
than inside the livestock exclosure (4.3 berries/plant) or outside the exclosure 
(9.0 berries/plant). Berry production at the Elk Hangout site was significantly 
higher inside the livestock exclosure (43.1 berries/plant) than inside the wildlife 
exclosure (11.9 berries/plant) or outside the exclosures (3.5 berries/plant) (Fig. 
27).
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Figure 27. Average berry production of chokecherry and significance of 
differences between wildlife (W), livestock (L) and outside (O) exclosure 
transects at the Deer Hill and Elk Hangout exclosure sites.
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The average current year’s growth (CYG) for chokecherry measured 
during the study was 6.14 cm/year. Current year’s growth averaged 6.1 cm in 
2002 and 6.3 cm in 2003 (Appendix F). The average CYG at each site ranged 
from 2.4 cm to 11.2 cm (Fig. 29).
CYG was greater inside the Elk Hangout livestock exclosure than in the 
paired wildlife exclosure in both 2002 and 2003. CYG outside the Elk Hangout 
exclosure was significantly lower than inside either of the exclosures at the site. 
At the Deer Hill site, there was no significant difference in CYG between any of 
the browsing treatments (ANOVA, F=1.195, P = 0.310) (Table 7)(Fig. 30).
Table 7. Average CYG (cm) at the Deer Hill and Elk Hangout sites
CYG (cm)
Deer Hill Elk Hangout
2002 2003 2002 2003
Wildlife Exclosure 3.9 4.5 3.3 3.8
Livestock Exclosure 5,5 2.6 7.4 8.9
Outside Exclosures . . . 4.9 — 1.9
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Figure 30. Average chokecherry CYG and significance of differences (p- 
values) between wildlife (W), livestock (L) and outside (O) exclosure transects 
at the Deer Hill and Elk Hangout exclosure sites.
An average of 65 % of terminal leaders had been browsed during this 
study. The percent of stems browsed at each site varied from a low of 30% to 
a high of 100%. Additionally 25 chokecherry stems at the Deer Hill site were 
tagged and was measured periodically during both winters of the study. On 
these stems, 60% of the length of current year’s growth was removed from 
the terminal leader in 2002 and 51% was removed in 2003.
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Current year’s growth (CYG) measured in 2002 and the Li length 
measured In 2003 were compared (the Li segment measured in 2003 was the 
CYG In 2002). The difference between the CYG measured In 2002 and the 
Li segment measured in 2003 Indicated that 34% of the 2002 CYG had been 
removed by the next year (Fig. 31).
3. 4 .0 -
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Figure 31. Comparison of average length of (X ±  95% Cl) current 
year’s growth (CYG) In 2002 and the LI segment In 2003 of 
chokecherry on the Theodore Roosevelt Memorial Ranch.
Future Effects on Stature
Aspen.— The maximum age seen for arrested-type aspen stems on 
the TRM Ranch ( A m a x r )  was 24 years. The Yzsocm  was less than the A m a x r  at 
8 of the 14 aspen sites. The maximum age for the site ( A m a x s )  was greater 
than the Y250cm at only 4 of the 14 aspen sites (Fig. 32).
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Figure 32. Predicted maximum age ( A m a x )  and years required for a 50 cm 
aspen stem to reach 250 cm (Y250cm) based on the net annual growth rate for 
the last three years (NAGRls) at sites on the Theodore Roosevelt Memorial 
Ranch based on data collected In 2002-2003.
Chokecherry.— The maximum age seen for arrested-type chokecherry 
stems at all sites on the TRM Ranch ( A m a x r )  was 37 years. The Y250cm was 
less than the A m a x r  at 5 of 34 chokecherry sites. The maximum site age 
( A m a x s ) was greater than Y25ocm at only 1 of the 34 chokecherry sites (Fig. 33).
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Figure 33. Predicted maximum age ( A m a x )  and the number of years required for a 50 cm chokecherry stem to reach 
250 cm (Y250cm) based on the net annual growth rate for the last three years (NAGRls) at sites on the Theodore Roosevelt 
Memorial Ranch based on data collected in 2002-2003.
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Photoclassification of Creeping Juniper
The average photo class for all juniper sites in 2002 was 2.11. The 
average photo class for each site ranged from 1.3 to 2.7. In 2003, the average 
creeping juniper photo class for all sites was 2.0. The average photo class for 
each site ranged from 1.0 to 3.0 in 2003 (Fig. 34). At the Deer Hill exclosure site, 
there was a significant difference (P < 0.05) in creeping juniper photo class 
between all grazing treatments. At the Elk Hangout site, the only significant 
difference in photo class was between inside the wildlife exclosure and outside 
the exclosure. The difference in photo class between the wildlife exclosure and 
outside the exclosure at the Baumeister site was also significant. However, the 
Lower 1500 exclosure had the same average photo class (1.0) for all three 
grazing treatments (Fig. 35).
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Figure 34. Mean ( X ± 95% 01) photo class of creeping juniper sites on the
Theodore Roosevelt Memorial Ranch in 2003.
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Figure 35. Comparison of mean (X ±  95% 01) creeping juniper photo class and 
significance of differences (P-values) between wildlife (W), livestock (L) and 
outside (O) exclosure transects at paired exclosure sites on the Theodore 
Roosevelt Memorial Ranch in 2003.
Creeping Juniper Growth Rate
The average growth rate for the terminal 20 cm (NAGR20CM) in creeping 
juniper was 1.8 cm/year. The average growth rate for each site varied from 0.6 
to 5.4 cm/year (Fig. 36). Creeping juniper generally had the highest NAGR20CM 
at sites located on northern and eastern aspects (Fig. 37). Creeping juniper also 
had higher growth rates at sites found at increased elevations and at sites 
located on more gradual slopes (0-15%) (Figs. 38 and 39).
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Figure 36. Mean ( X ± 95% Cl) creeping juniper growth rates for the terminal 20 
cm (N A G R 20CM) at study sites on the Theodore Roosevelt Memorial Ranch in 
2003.
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Figure 37. Comparison of mean ( X ± 95% Cl) creeping juniper 
growth rates over the terminal 20 cm (NAG R 20CM) at sites on differing 
aspects at the Theodore Roosevelt Memorial Ranch.
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Figure 40. Mean ( X ± 95% Cl) terminal growth rates (NAGRzocivi) of creeping 
juniper and significance of differences (P-values) between wildlife (W), livestock 
(L) and outside (O) exclosure at paired exclosure sites on the Theodore 
Roosevelt Memorial Ranch in 2003.
Relationship Between Creeping Juniper Growth Rate and Photo Class
Comparison of creeping juniper photo class and growth rates indicated a 
strong positive relationship. In creating a linear regression model, data on 
creeping juniper NAGRaocw was log transformed so that the assumptions of 
equal variances and normality were met. Linear regression analysis Indicated 
that there was a strong positive relationship between photo class and the log of 
NAGR20CM (R*= 0.58. p< 0.001).
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DISCUSSION 
Food Habits
The results of the fecal analyses In this study are in general agreement 
with most of the previous studies of ungulate forage use. Mule deer and white- 
tailed deer are generally considered concentrate selectors (Hoffmann 1988) 
feeding primarily on foods such as forbs and browse that have relatively high 
digestibility and nutritional value. The high percentage of forbs and browse in the 
diets of deer during this study are consistent with their classification as 
concentrate selectors. Cattle are generally classified as grazers. They are 
capable of digesting more fibrous materials, and their diets consist primarily of 
grasses. This point of view was consistent with the high percentage of 
graminoids seen in cattle diets during this study, A third group between 
concentrate selectors and grazers are the Intermediate or mixed browsers 
(Hoffmann 1988). Intermediate browsers are generally more flexible in their 
forage consumption and can eat a variety of grasses, forbs, and shrubs. Winter 
elk diets recorded during this study consisted of a large proportion of grasses, 
similar to cattle, but they also ate a considerable amount of browse and forbs.
Dietary compositions were calculated using microhistological analysis of 
fecal samples. The accuracy of fecal analysis has been questioned because 
plant species can vary in their digestibility and detectability (Holochek 1982, Gill 
et al. 1983). However, other alternatives for determining dietary composition 
have similar or larger accuracy problems than fecal analysis. (Holocheck et al. 
1982, Mclnnis et al. 1983).
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Mule deer — Browse made up the majority of mule deer winter diets, due 
mainly to their high intake of creeping juniper. The importance of creeping 
juniper in the winter/spring diets of mule deer diets has been previously identified 
in many studies (Lovass 1958, Schallenberger 1966, Eustace 1967, Dusek 1971, 
Kufeld et al. 1973, Coop 1975, Kasworm et al. 1984). The high percentage of 
creeping juniper in mule deer diets (> 75% in some months) was somewhat 
surprising because the crude protein content of creeping juniper is lowest during 
this time period (Miller 1978) and was lower than in other common forages 
selected by mule deer (Short et at. 1966), which suggests mule deer were not 
selecting creeping juniper based solely on its nutritional value. The levels of 
terpenes in creeping juniper are at their lowest from September to April (von 
Rudloff 1975), which may partially explain the increased use of juniper during this 
period. The utilization of creeping juniper on the TRM Ranch may also be due 
largely to its abundance, high relative biomass (Miller 1978), and the relative 
scarcity of more palatable species in this area. Mule deer use of creeping juniper 
increased during late winter/early spring, which was consistent with the results of 
Kasworm et al. (1984).
Forb use by mule deer was highest early in winter (mid-December through 
mid-February) due mostly to the higher use of Artemesia and Lupinus. Use of 
these plants decreased later in winter, which may be due to decreased nutritional 
value caused by desiccation or decreased accessibility due to increased snow 
depths. Winter forb use was lower in 2001-2002 than in 2002-2003. This may 
have been due to increased summer temperatures and decreased precipitation
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causing earlier desiccation and decreased nutritional value of forbs. The 
decrease may have been related to Increased winter precipitation (snowfall) 
during winter 2001-2002.
Mule deer use was lower for graminoids than for any other forage class. 
Grass use increased slightly during late winter/early spring (mid-March to mid- 
April). This increased use may have been the result of the early “green up" and 
corresponding increase in nutritional value in newly sprouted grasses.
Elk.- The high percentage of grasses, sedges, and rushes in winter elk 
diets was similar to the results of other studies on the winter diets of elk (Morris 
and Schwartz 1957, Eustace 1967, Kufeld 1973, Kasworm et al. 1984, Baty 
1995). However, other studies (Gaffaney 1941, Schallenberger 1966) found 
considerably greater use of browse by elk during winter. The increased browse 
use in these studies may be largely due to the adaptability of elk food habits. 
Browse use by elk is generally higher in more heavily forested environments 
where grasses are less abundant or less available due to increased snow 
depths. Winter snowfall during the two years of this study was below average for 
the region, which also may have lead to increased use of graminoids over shrubs 
and forbs. The presence of Chinook winds on the ranch also helps decrease 
snowpack and thereby Increase availability of grass.
Cattle.— Fall cattle diets consisted almost entirely of grasses, sedges, and 
rushes in both 2002 and 2003. Fall use of browse and forbs by cattle was low 
during both years sampled. The high percentage of graminoid use was similar to 
the results of several other studies (Mackie 1970, Dusek 1971, Kasworm et al.
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1984). Research of cattle food habits in Montana (Mackie 1970 and Dusek 
1971) have at times documented an increase in browse use during the fall/winter, 
but browse and forb use was consistently low during both years of this study.
This indicates that graminoids are still available in the fall or that browse is 
relatively unavailable. This suggests that grass on the TRM Ranch is still in 
relatively good condition.
White-tailed deer.- White-tailed deer diets were more diverse than any 
other species studied. White-tailed deer, like mule deer, are generally 
considered to be concentrate selectors whose diets consist primarily of browse 
and forbs. Creeping juniper was the most important component of both white­
tailed and mule deer diets, but white-tailed deer consumed a greater proportion 
of grasses than mule deer.
Dietary Overlap
The highest dietary overlap observed in this study was between fall cattle 
and winter elk diets. This result was consistent with those of Mackie (1970), 
Hansen and Reid (1975), Kasworm et al. (1984), and Kingrey et al. (1996) 
concerning similarities in elk and cattle diets. This overlap was also consistent 
with the view that elk and cattle are both chiefly grazers and rely heavily on 
graminoids as a food source (Hoffman 1988). Cattle diets represented food 
habits during the fall (mid-September to mid-January) while elk diets represented 
food habits during the winter (mid-December to mid-April). The similarity of these 
two diets does not necessarily indicate forage competition between elk and cattle 
because differences in timing or duration of use, habitat use, or resource
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availability all can affect forage competition (Nelson 1984). Grazing by cattle can 
even improve winter forage quality for elk (Anderson and Scherzinger 1973,
Clark et al. 2000). However, the high proportion of grasses in each species' diet 
and high dietary overlap suggest a potential for competition for food resources 
between these two species.
The level of dietary overlap was lowest between mule deer and elk and 
between mule deer and cattle. This is consistent with the viewpoint that mule 
deer depend heavily on browse and forbs whereas, elk and cattle utilize a greater 
percentage of grasses. Several other studies regarding dietary overlap of elk, 
mule deer, and cattle have found increased dietary similarity between elk and 
cattle and decreased overlap between elk or cattle and mule deer (Morris and 
Schwartz 1957, Mackie 1970, Hansen and Reid 1975, Kasworm et al. 1984, 
Kingrey et al. 1986). The difference between the winter diets of mule deer and 
elk suggested that exploitative competition for food resources between these 
species was limited, although interference competition could still be occurring.
The amount of dietary overlap between white-tailed deer and mule deer 
winter diets was second only to the overlap between cattle and elk. Creeping 
juniper, lupine, and bluebunch wheatgrass were important forages for both mule 
deer and white-tailed deer and were the plant species where dietary overlap was 
greatest. The primary differences in deer diets were that mule deer depended 
more on creeping juniper as a food source, while white-tailed deer consumed a 
greater proportion of grasses and shrubs other than creeping juniper.
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Browsing History
Aspen.- The browsing histories for aspen indicated that at many sites 
browsing intensity did not increase from light-to-moderate to intense. However, 
even at these sites, arrested-type stems were present starting generally in the 
mid-1980s. This indicated an increase in browsing pressure on aspen at that 
time, but the increase was not large enough to affect the architecture of all new 
aspen stems. It is also possible that there was no increase in browsing pressure 
in the mid-1980s. Arrested aspen stems on the ranch generally lived less than 
15-20 years and therefore arrested-type stems may have been present since 
before the mid-1980s.
Several sites did exhibit an increase of browsing pressure from light-to- 
moderate to intense. Generally, the last uninterrupted growth-type aspen stems 
that grew out of the browse zone at these sites were established in the latel 980s 
to early 1990s. Additionally, arrested-type stems first appeared at these sites in 
the early to mid-1980s. This cumulative evidence suggests that browsing 
pressure did increase as early as 1980, but browsing pressure did not become 
intense until late 1980s or early 1990s. Additionally, the browsing history at site 
6 indicated in browsing intensity in the mid 1970s, then decreased, then 
increased again about 1990. At site 10, the increase browsing intensity did not 
occur until the mid 1990s. This site is located near areas of high human activity, 
which may have decreased ungulate use and delayed the increase in browsing 
intensity. This aspen stand also appears to have received increased use by
61
white-tailed deer (personal observation) and decreased use by other ungulates, 
which may explain the different browsing history seen at this site.
Chokecherry,- Browsing histories of chokecherry indicated that browsing 
pressure on chokecherry has been intense for a much longer period than in 
aspen. No tall, living chokecherry stems were present at most sites. These sites 
all consisted solely of short, hedged stems. This suggested that browsing 
pressure at these sites either was intense since the time these stands were 
established or that browsing pressure increased iong enough ago that all tall, 
uninterrupted growth-type stems have since died. Arrested-type stem ages at 
some sites indicated intense browsing pressure since the mid 1960s to early 
1970s. The earlier onset of intense browsing in chokecherry than in aspen may 
be due to a preference of chokecherry over aspen or lower resistance to 
browsing in chokecherry.
Tall, uninterrupted growth-type chokecherry plants were still present at 
several sites. At sites 11,31, and 34, the last tall, uninterrupted growth-type 
chokecherry stems were established in the early 1980s. However, tall, 
uninterrupted growth-type chokecherry stems were still present at sites 1,7,9 
and 29 until the late 1980s. At sites 2 and 5, arrested-type stems indicated 
intense browsing pressure since the 1970s, but also that tall, uninterrupted 
growth-type stems were established in the mid-1980s. This suggests that 
browsing pressure decreased during the mid-1980s. The period of light-to- 
moderate browsing intensity may have been longer, but was not detected due to 
the limited number of uninterrupted growth-type stems present at these sites.
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Site 30 had the longest history of intense browsing pressure of all the sites. 
Evidence at this site suggests an increase in browsing pressure in the mid 
1960s. The combination of browsing histories at all sites indicates increased 
browsing intensity on the ranch in the mid-1960s, early 1980s, and late 1980s
Comparison of population and climatic trands with bivwsing histories.— 
Mule Deer population count data indicated an increase in mule deer numbers in 
the early 1980s then a dramatic drop (Fig. 3). Relatively restrictive hunting 
regulations were implemented in the mid-1980s and subsequently populations 
started increasing. Elk population trend data indicated their numbers were low 
during most of the 1980s, varying from 170-240 animals (Fig 3). The first 
evidence of increasing elk populations started in 1989 when over 300 elk were 
counted. Elk numbers have generally increased since that time, and recent 
counts have been as high as 500-600 animals.
Comparisons of mule deer and elk population trend data with aspen and 
chokecherry browsing histories demonstrated that increases in mule deer 
numbers coincided with increases in browsing intensity. This suggested that 
browsing intensities in chokecherry were impacted more by mule deer than by 
elk. Both mule deer numbers and browsing intensity increased in the early 
1980s, decreased during the mid 1980s, and increased again during the late 
1980s or early 1990s. Browsing histories also indicated an increase in browsing 
intensity during mid-1960s, but no population data were available from this time. 
The difference in impacts of mule deer and elk on aspen browsing intensity were 
difficult to differentiate. Mule deer and elk numbers both increased in the late
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1980s-early 1990s when aspen browsing intensity increased. Therefore, the 
increased browsing intensity seen in aspen may be related population increases 
in mule deer, elk, or both.
Changes in browsing intensities exhibited no apparent relationship with 
changes In precipitation or temperature. Precipitation was lower than normal in 
1983 and 1984, which was in the same general time period as one of the 
chokecherry browsing intensity increases. However, precipitation was above 
average throughout much of the late 1980s and early 1990s when subsequent 
browsing intensity increases occurred in both aspen and chokecherry (Fig 2). 
Aspen Condition
Overall, the condition of aspen does not appear to have been greatly 
impacted by browsing. The majority of aspen clones exhibit only moderate 
evidence of intense browsing pressure. Aspen stems were not 100% intensely 
browsed at any sites during both years of this study and several sites had 
browsing intensities below 70%. However, several of these sites did exhibit 
browsing intensities approaching 100% and all stems that were not intensely 
browsed were younger stems. The presence of only very young uninterrupted 
growth-type aspen may be the result of a recent decrease in browsing pressure. 
However, no evidence was found of a decrease in browsing pressure in older 
aspen stems that were still within the browse zone. Other potential explanations 
are that young aspen may be more tolerant of high browsing intensities or that 
they may experience decreased browsing pressure due to increased chemical or 
mechanical protection (Erwin et al. 2001).
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The effects of browsing on the growth rates of aspen were also highly 
variable. The net annual growth rate over the past three years (NAGRls) 
measured inside the wildlife exclosures was not significantly greater than at 
many other sites in the study area. The difference in NAGRls inside wildlife and 
livestock exclosures, was significant at the Elk Hangout site, but not at the Lower 
1500 site. The differences apparent between these two locations may be due 
largely to differing levels of ungulate use between the two sites. The Lower 1500 
site is used more as a transitional range and generally receives earlier ungulate 
use and decreased mule deer use than the Elk Hangout site. The Elk Hangout 
site also receives some elk use year-round.
Live-dead (LD) indices were significantly lower outside than inside wildlife 
exclosures, but even outside exclosures the LD indices were positive at all but 
one site. The majority of aspen sites (71%) had average LD indices > 20 during 
this study. This suggests that substantial regrowth was still occurring after 
intense browsing pressure killed an annual segment.
Although aspen condition does not appear to be severely affected by 
browsing pressure throughout the ranch, the condition of several sites do exhibit 
evidence of poor condition. Aspen sites 3, 5, 6, and 10 all had the lowest growth 
rates and LD indices of all sites surveyed on the ranch. These sites also had 
higher percentages of intensely browsed stems. These sites were all located 
along the northwestern portion of the ranch in areas that experience higher levels 
of use by elk, mule deer, and cattle.
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Chokecherry Condition
Chokecherry sites throughout the ranch experienced high levels of 
browsing pressure. Chokecherry plants were moderately to severely hedged and 
over 90% of stems were intensely browsed at most (85%) chokecherry sites. 
Most of the chokecherry stems that exhibited uninterrupted growth-type 
architectures were younger plants, which was similar to the pattern seen in 
aspen. Also similar to aspen, older chokecherry stems exhibited no evidence of 
a recent decrease in browsing pressure. Therefore, the presence of young 
uninterrupted growth-type chokecherry stems was probably attributable to 
increased protection from browsing (chemical or mechanical) or increased 
tolerance of browsing.
Chokecherry sites had higher browsing intensity than aspen sites. Even 
at sites where chokecherry and aspen stands were growing in the same location, 
chokecherry exhibited much higher percentages of intensely browsed plants 
indicating that chokecherry may be a preferred food source of one or more 
ungulate species. It is also possible that aspen is able to withstand higher levels 
of utilization than chokecherry.
Average growth rates in chokecherry stands (NAGRls -  4.1 cm/year 
NAGRt = 5.7 cm/year) were much lower than in aspen stands. Growth rates at 
the exclosure sites suggested that browsing pressure was not uniform across the 
ranch. The NAGRl3 and NAGRt of chokecherry inside the Deer Hill wildlife 
exclosure were greater than on transects in either the adjacent livestock 
exclosure or non-exclosure areas in both years. Chokecherry growth rates did
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not differ greatly between livestock exclosures and sites outside the exclosures 
(except the NAGRls in 2002). This indicates that the major difference In 
chokecherry growth rates at this site is associated with browsing pressure by 
wildlife, not livestock.
Growth rates at the Elk Hangout site indicated a different pattern of 
chokecherry use. At this site, growth rates between the livestock and wildlife 
exclosures were similar. The only significant difference was that NAGRta was 
significantly greater in 2003. This indicates that browsing by wildlife was not the 
only factor decreasing chokecherry growth rates at this site. However, the 
livestock exclosure was intact year round and the presence of livestock 
exclosures has been shown to decrease their use by ungulates (Gross and 
Knight 2000), which may have altered the results. Chokecherry growth rates 
outside the exclosures were generally lower than those inside the livestock or 
wildlife exclosures. This shows that the browsing pressure by livestock or by the 
combined pressure of wildlife and livestock is affecting chokecherry growth rates 
outside the exclosures. This conclusion must also be qualified due to the 
location of the chokecherry site outside the exclosure. The chokecherry stand 
inside the exclosures did not extend outside the exclosure, and the adjacent 
chokecherry stand selected may have been a separate clone. Therefore, 
differences seen outside the exclosure may have been a result of factors other 
than differences in browsing pressure, but this seems unlikely.
The LD indices of chokecherry sites indicate that browsing pressure has 
had an impact on the vigor of chokecherry plants on the ranch. LD indices were
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significantly greater In wildlife exclosures than In livestock exclosure or outside 
exclosures at both the Deer Hilt and Elk Hangout sites. The LD Indices also 
suggest a decreasing trend in the condition of chokecherry throughout the ranch. 
Several chokecherry sites (23.5%) had negative LD Indices and only 8 of 34 
chokecherry sites had LD Indices significantly greater than 0. This indicates that 
browsing is negatively Impacting the ability of chokecherry plants to compensate 
for the effects of intense browsing pressure.
The average current year's growth (CYG) of chokecherry on the TRM 
Ranch was only 6.14 cm/year. Even in the absence of browsing, it would take 
over 40 years for a chokecherry stem to grow out of the browse zone at this rate 
of growth. It has been reported (Alpperspach 1980) that chokecherry, even after 
browsing, grew at a considerably higher rate (13.4 cm/year) than recorded on the 
TRM Ranch.
The low rates of current year’s growth (CYG) suggest a poor overall 
condition in chokecherry on the TRM Ranch. Two possible explanations for this 
are repeated Intense browsing pressure, or other limiting environmental factors. 
Repeated levels of Intense browsing pressure have been shown to Inhibit growth 
in browse species (Lay 1965, Bergstrom and Danell 1987). However, there was 
no significant difference in CYG between plots at the Deer Hill exclosure site. 
Therefore, browsing did not appear to significantly inhibit the CYG rate at the 
site. At the Elk Hangout exclosure site, the only significant difference In CYG 
was between the livestock exclosure and outside the exclosures. The combined 
browsing pressure by livestock and wildlife outside the exclosures probably
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caused a decrease In chokecherry growth. The livestock exclosure prevented 
use by cattle, and as previously mentioned, may also have decreased use by 
wild ungulates (Gross and Knight 2000). Alpperspach (1980) has shown the 
moderate levels of browsing pressure can Increase growth in chokecherry plants, 
which may explain the higher rates of CYG recorded Inside the livestock 
exclosure.
The low levels of CYG recorded for chokecherry may also be related to 
environmental limitations, such as water requirements. Chokecherry seedlings 
require 38 cm of precipitation for satisfactory establishment in the absence of 
competition (Monsen and Davis 1985), which Is greater than the average 
precipitation in this area. Decreases in precipitation have also been shown to 
result in corresponding decreases In chokecherry growth (Alpperspach 1980). 
Most chokecherry stands surveyed in this study were located on north and east- 
facing aspects, with very few stands located on south-facing aspects. In 
addition, the growth rates measured on north and east-facing slopes were 
greater than on south facing slopes. This Indicates that precipitation and 
browsing were both Important factors affecting the growth rates and condition of 
chokecherry on the TRM Ranch.
This study did not directly measure the percent utilization of chokecherry, 
although several measurements taken provide an Idea of the level of utilization. 
Measurements of tagged plants Indicated 50-60% of the of the terminal leader's 
length In chokecherry was removed. However, the plants tagged were generally 
younger plants with longer leaders. Longer leaders are preferred by mule deer
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(Alpperspach 1980), and thus estimates of utilization for these plants may 
overestimate overall utilization of chokecherry on the ranch. The difference 
between the CYG and Li segment indicated that 34% of the terminal leader’s 
length was removed. This value is probably an overestimate because when a 
twig is browsed, the next year’s growth will originate from a lateral bud further 
down the stem. The portion of the twig above this bud is not included in 
measurements of Li or NAGRls, but was not consumed. These measurements 
may also overestimate total utilization, because they only measure the length 
removed, not the weight, and they are based on utilization of the terminal leader, 
which is more accessible than other twigs.
Future Effects on Stature
Aspen.— Current levels of browsing do not appear to be preventing all 
young aspen from attaining their potential stature. The number of years required 
for a 50 cm plant to grow out of the browse zone (Yzsocu) was less than Amaxr 
(the maximum age of an arrested-type plant on the TRM Ranch) at 8 of the 14 
sites. This suggests that if stems do survive for 24 years at these sites they 
should grow out of the browse zone and attain their potential stature. However, 
at many sites, the maximum survival age (Amax) found was less than 24 years. 
This suggested that arrested-type stems at these sites were not living as long.
The Amaxs was greater than the Yasocm at 4 of the 14 aspen sites, which suggests 
that aspen will not grow out of the browse zone at these sites. Browsing 
intensities at several sites were considerably lower than 100% . Therefore, it is 
possible that some plants are actually living longer than the Amaxs recorded for
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the site, but A m a x s  is based on the maximum age for the site and most plants at 
the site will not live to this age. There does not appear to be an overall threat to 
aspen stature on the TRM Ranch, but there may be a threat to individual aspen 
stands in areas of increased ungulate use.
Chokecherry,-- Browsing pressure does appear to be affecting the ability 
of chokecherry to attain its potential stature. The Y250cm was less than 37 years 
at only 5 of the 34 sites, which suggests chokecherry will not grow out of the 
browse zone at most sites. Additionally, the A m a x s  was less than the Y250cm  at all, 
but one site. Unlike aspen, all chokecherry sites had higher levels of browsing 
intensity and therefore the A m a x s  is probably not an underestimate of actual 
survival age in chokecherry. A m a x s  most likely is an overestimate for most plants, 
since the majority of stem will not live to the A m a x s . Thus, it appears likely that 
the growth of tall chokecherry at most sites on the ranch will not occur under 
current conditions.
Creeping Juniper Condition
The photo class analysis of creeping juniper showed that the majority of 
creeping juniper on the TRM Ranch was moderately hedged in appearance. The 
hedged appearance of creeping juniper is not a measure of utilization, but 
browsing has been identified as one factor that can cause hedging (Miller 1978). 
Additionally, the unhedged appearance seen inside wildlife and livestock 
exclosures implies that the hedged appearance seen in creeping juniper on the 
TRM Ranch is correlated with utilization by wildlife or livestock.
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The net annual growth rate recorded for creeping juniper on the TRM 
Ranch was consistent with juniper growth rates from studies in this region (Miller 
1978), which recorded a total annual growth rate (before browsing) of 
approximately 3.0 cm/year, compared to the average net annual growth rate 
(after browsing) of 1.7 cm/year recorded in this study. However, the net annual 
terminal growth inside wildlife exclosures on the TRM Ranch was substantially 
greater than 3.0 cm/year. Overall, creeping juniper growth rates were generally 
higher inside wildlife exclosures than in livestock exclosures or outside 
exclosures. This indicates wildlife use is affecting creeping juniper growth rates. 
However, growth rates inside wildlife exclosures at the Lower 1500 or 
Baumeister sites were not significantly greater than outside the exclosures. This 
differing result may reflect differences between the two sites. The Baumeister 
exclosure was recently established, which may explain the decreased growth 
rates inside the wildlife exclosure. The Lower 1500 area was used more as a 
transitional range and experienced differences in the timing and level of use by 
ungulates.
Creeping juniper growth rates were also generally greater inside livestock 
exclosures than outside the exclosures, implying that livestock use was affecting 
creeping juniper growth rates. However, creeping juniper was absent from cattle 
fecal analysis in this study, and I was unable to identify any studies where cattle 
consumed significant amounts of creeping juniper. Cattle may be indirectly 
impacting creeping juniper. The decreased use of grasses inside the livestock 
exclosure may have benefited creeping juniper. The increased grass present in
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the livestock exclosure may have protected creeping juniper from browsing by 
wild ungulates. Increased litter and dead grass can decrease forage use by mule 
deer (Willms and Maclean 1978). Also, the increased height of grass in the 
exclosure may increase the amount of snow, and consequently available 
moisture, present at the site. Increased use and trampling by livestock may also 
have affected creeping juniper. Lastly, livestock exclosures have been shown to 
decrease use by wildlife (Gross and Knight 2000) and this could help explain the 
increased juniper growth rates inside livestock exclosures.
Relationship Between Creeping Juniper Photo Class and Growth Rate 
The general linear model created suggested a moderately strong 
relationship between creeping juniper photo class and the log of creeping juniper 
growth rates over the terminal 20 cm (NAGRaocw)- Although a significant linear 
relationship exists, the high amount of variability in NAGRzocw in creeping juniper 
photo class indicates the model may not be an accurate predictor of creeping 
juniper growth rates.
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Appendix A. Percent species composition of winter mule deer diets based on fecal analysis. Fecal samples 
collected around the Theodore Roosevelt Memorial Ranch. Each sample represents a collection of samples 
combined over a month long period. Each sampling period started middle of the month and continued until the 
middle of the second month (Deccan sample collected between December 15 - January 15).
Plants:
Juniperus spp.
Pinus spp.
Pseudotsuga menziesii 
Other Conifers 
Total Conifers:
Amelanchier alnifolia leaf 
Amelanchier alnifolia stem 
Arctostaphylos spp. stem 
Artemisia frigida/ludoviciana 
Artemisia tridentata/cana 
Artemisia spp. stem 
Ceanothus velutinus leaf 
Ceanothus velutinus stem 
Chrysothamnus spp.
Camus stolenifera 
Crataegus leaf 
Elaeagnus commutata 
Elaeagnus commutata stem 
Mahonia (Berteris) repens 
Mahonia (Berteris) repensstem 
Populus spp. leaf 
Populus spp. stem
2002 2003
Dec-Jan Jan-Feb Feb-Mar Mar-Apr Avg. Dec-Jan Jan-Feb Feb-Mar Mar-Apr Avg.
n~15 n^15 n~15 n=t5 n-6Q n-15 n=15 n=15 n=15 n=60
45.0 53.3 76.0 59.7 58.5 41.5 55.2 52.6 61.6 52.7
2.4 0.0 0.0 0.0 0.6 0.0 0.0 0.6 0.0 0.2
1.8 1.0 1.3 2.2 1.6 0.6 0.4 0.6 2.0 0.9
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
49.2 54.3 77.3 61.9 60.7 42.1 56.6 53.8 63.6 53.8
0.0 0.0 0.0 1.1 0.3 0.0 0.0 0.0 0.0 0.0
0.3 0.3 0.3 0.7 0.4 0.0 0.0 0.5 0.0 0.1
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9.0 8.0 5.0 4.0 6.5 0.8 1.2 0.6 0.9 0.9
0.0 0.0 0.0 0.7 0.2 0.6 0.0 0.8 0.0 0.4
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.3 0.0 0.0 0.0 0.3 0.4 0.0 0.5 0.0 0.2
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.1
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.1
0.9 1.3 0.4 0.6 0.8 0.0 0.4 0.1 0.2 0.2
0.0 0.0 0.0 0.0 0.0 2.1 0.0 0.0 0.0 0.5
11.0 3.1 2.4 7.5 6.0 2.0 1.8 1.6 0.3 1.4
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.2
0.8 0.0 0.0 0.0 0.2 0.0 0.0 0.3 0.1 0.1
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.3 0.2
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
■Nj
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Appendix A (continued)
Plants:
Prunus virginiana leaf 
Prunus virginiana stem 
Ribes spp. leaf 
Ribes spp. stem 
Rosa spp. stem 
Rubus spp. leaf 
Rubus spp. stem 
Salix spp.stem 
Salix spp. stem 
Symptioricarpos albus leaf 
Symp/ioricarpos albus stem 
Shrub leaf 
Shrub stem 
Total Shrubs;
Achillea spp.
Antennaria spp.
Arnica spp.
Aster spp.
Astragalus spp.
Balsamorhiza sppi 
Castilleja spp.
Cirsium spp.
Collomia spp.
Cryptantha spp.
Erigeron spp.
Erysimum spp.
Heuchera spp.
2002 2003
Dec-Jan Jan-Feb Feb-Mar Mar-Apr Avg. Dec-Jan Jan-Feb Feb-Mar Mar-Apr Avg.
n=15 n=15 n-15 n=15 n=60 n-15 n-15 n-15 n=15 n=60
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.4 3.0 0.0 0.9
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.1
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.1
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 0.0 0.0 0.0 0.1 1.1 0.0 1.2 0.2 0.6
0.0 0.0 0.0 0.0 0.0 0.0 1.9 0.0 0.0 0.5
0.0 0.0 0.0 1.1 0.3 0.6 0.0 3.8 0.5 1.2
0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.1
0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.8 0.0 0.3
0.0 1.8 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0
0.0 1.0 0.0 0.2 0.3 1.0 0.0 1.4 0.5 0.7
0.0 0.0 1.0 0.9 0.5 0.2 1.4 0.8 0.0 0.6
23.8 15.5 9.1 16-8 16.3 9.6 7.5 16.3 4.5 9.5
0.8 0.0 0.0 1.1 0.5 0.2 0.0 0.0 0.0 0.1
0.0 0.0 0.0 0.0 0.0 0.0 1.4 0.2 0.3 0.5
0.3 0.1 0.0 0.2 0.2 0.0 0.0 0.0 0.0 0.0
0.8 0.3 0.0 0.0 0.3 0.4 0.2 0.8 0.3 0.4
2.0 0.3 0.0 0.2 0.6 2.1 1.8 1.1 1.2 1.6
0.4 2.1 0.0 0.2 0.7 2.9 2.2 0.3 1.0 1.6
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.1
0.0 1.3 0.0 0.0 0.3 1.0 0.0 0.5 0.0 0.4
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.1
0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.2
0.0 0.4 0.0 0.0 0.1 0.0 0.0 1.2 0.0 0.3
0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.2
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
N
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Appendix A (continued)
Plants:
Lesquemlla occidentalis 
Lomatium spp.
Lupinus spp.
Medicago/Trifolium/MelHotus 
Mertensia spp.
Oxytropis spp.
Phacefia spp.
Phlox spp.
Plantago spp.
Potentilla spp.
Senecio spp.
Soiidago spp.
Legume Pod 
Monocot Port)
Forb
Forb stem 
Total Forbs:
Agropyron spp.
Agrostis spp.
Aiopecurus spp.
Bromus spp.
Caiamagrostis spp.
Dactylis glomerata 
Danthonia spp.
Deschampsia cespitosa 
Elymus spp.
Festuca spp.
2002 2003
Dec-Jan Jan-Feb Feb-Mar Mar-Apr Avg. Dec-Jan Jan-Feb Feb-Mar Mar-Apr Avg.
n=15 n=15 n-15 n-15 n-50 n-15 n-15 n-15 n=15 n-50
0.3 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9.4 13.1 1.1 2.4 6.5 16.6 13.3 12.3 5.7 12.0
0.1 0.1 0.3 0.2 0.2 7.3 2.3 1.2 0.2 2.8
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.3
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.1
1.3 2.6 2.1 0.4 1.6 0.0 0.2 0.6 0.0 0.2
0.0 0.0 0.0 0.1 0.0 0.4 0.6 0.0 0.2 0.3
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.1
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.3 0.5 1.3 0.4 0.6 2.5 1.0 0.9 2.6 1.8
0.5 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
16.2 20.8 4.8 5.2 11.8 34.2 24.8 19.2 12.6 22.7
1.6 0.3 0.0 3.8 1.4 4.5 0.4 3.8 5.0 3.4
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.2
1.6 0.8 0.3 0.0 0.0 2.5 0.0 0.3 0.0 0.7
0.0 1.6 0.0 0.4 0.5 0.6 0.4 0.5 0.8 0.6
1.0 0.5 0.0 2.4 1.0 0.0 1.4 0.5 1.4 0.8
0.0 0.0 0.0 0.9 0.2 1.4 1.0 0.9 0.6 1.0
0.0 0.0 0.0 0.9 0.2 0.4 0.0 0,0 0.0 0.1
1.0 0.5 0.8 0.0 0.6 0.0 0.4 0.0 0.0 0.1
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ODO
Appendix A (continued)
Plants:
2002 2003
Dec-Jan Jan-Feb Feb-Mar Mar-Apr Avg. Dec-Jan Jan-Feb Feb-Mar Mar-Apr Avg.
n=15 n=15 n=15 n~15 n~60 n=15 n~15 n=15 n-15 n=60
Koeleria cristata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 1.4 0.4
Muhlenbergia spp. 0.0 1.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0
Phteum spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.2
Poa spp. 1.1 1.0 0.5 0.9 0.9 2.5 1.0 1.1 2.8 1.9
Stipa spp. 0.8 0.8 1.0 2.0 1.2 0.4 2.0 0.5 2.2 1.3
Trisetum spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Other Grasses 1.3 1.1 1.8 2.0 1.6 0.6 1.0 1.2 0.9 0.9
Total Grasses: 8.4 7.6 4.4 13.3 8.4 12.9 7.6 9.8 16.0 11.6
Carex spp. 2.4 1.0 2.4 1.3 1.8 0.8 2.0 0.9 3.3 1.8
Eleochahs spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Eriophorum spp. 0.0 0.0 1.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0
Juncus spp. 0.0 0.8 0.5 0.4 0.4 0.0 0.0 0.0 0.0 0.0
Luzula parviflora 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Other Sedge/Rush 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Sedge/Rush: 2.4 1.8 3.9 1.7 2.5 0.8 2.0 0.9 3.3 1.8
Lichen: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Seed/Nut 0.0 0.0 0.0 0.0 0.0 0.4 2.5 0.0 0.0 0.7
Insect: 0.0 0.0 0.0 0.7 0.2 0.0 0.0 0.0 0.0 0.0
Moss 0.0 0.0 0.5 0.4 0.2 0.0 0.0 0.0 0.0 0.0
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
00
Appendix B Percent species composition of winter eik diets based on fecal analysis. Fecal samples collected 
around the Theodore Roosevelt Memorial Ranch. Each sample represents a collection of samples combined 
over a month long period. Each sampling period started middle of the month and continued until the middle of 
the second month (e.g. Dec-Jan sample collected between December 15 - January IS)__________________
2002 2003
Plants: Dec-Jan Jan-Feb Feb-Apr Avg. Dec-Feb Feb-Mar Mar-Apr Avg.
N=15 N=15 N=20 N=50 N=19 N=15 N=15 49
Juniperus spp. 0.5 0.7 3.8 2.2 4.6 2.6 1.9 3.4
Pinus spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pseudotsuga menziesii 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.1
Other Conifers 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Conifers: 0.5 0.7 3.8 2.2 4.6 3.1 1.9 3.6
Amelanchier alnifolia leaf 0.0 0.0 0.0 0.0 0.5 0.0 0.4 0.4
Amelanchier alnifolia stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Arctostaphylos spp. stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Artemisia frigida/ludoviciana 8.2 4.9 2.7 4.6 2.5 2.6 3.7 2.8
Artemisia tridentata/cana 0.2 0.0 0.2 0.2 0.0 0.0 0.2 0.1
Artemisia spp. stem 0.0 0.0 0.0 0.0 0.4 0.0 0.6 0.4
Ceanothus velutinus leaf 0.5 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Ceanothus velutinus stem 0.5 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Chrysothamnus spp. 0.0 0.0 0.0 0.0 4.4 2.2 2.2 3.3
Comus stolenifera 0.0 0.2 0.0 0.1 0.0 0.0 0.0 0.0
Crataegus leaf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Elaeagnus commutata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Elaeagnus commutata stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mahonia (Berteris) repens 0.0 0.0 0.0 0.0 0.9 0.0 1.5 1.0
Mahonia (Berteris) repens stem? 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Populus spp. leaf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Aooendix B (continued)
2002 2003
Plants; Dec-Jan Jan-Feb Feb-Apr Avg. Dec-Feb Feb-Mar Mar-Apr Avg.
N=15 N=15 N=20 N=50 N=19 N=15 N=15 49
Populus spp. stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Prunus virginiana leaf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Prunus virginiana stem 0.7 0.0 0.0 0.2 0.0 0.0 0.0 0.0
Ribes spp, leaf 1.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0
Ribes spp. stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rosa spp. stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rubus spp. leaf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rubus spp. stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Salix spp. leaf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Salix spp.stem 0.2 0.0 1.4 1.0 0.4 0.0 1.5 0.6
Symptioricarpos albus leaf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Symptioricarpos albus stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Shrub leaf 0.0 0.2 0.4 0.3 0.0 0.0 0.0 0.0
Shrub stem 0.7 0.0 0.4 0.4 0.3 0.4 0.4 0.4
Total Shrubs: 12.0 5.3 5.1 6.9 9.4 5.2 10.5 8.6
Achillea spp. 1.9 0.0 0.8 0.9 0.1 0.0 0.0 0.1
Antennaria spp. 0.2 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Arnica spp. 0.3 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Aster spp. 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.1
Astragalus spp. 0.9 0.8 0.0 0.4 0.0 0.0 0.2 0.1
Balsamorhiza sppI 2.6 0.4 0.0 0.8 1.0 0.5 6.1 2.2
Castilleja spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cirsium spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Collomia spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cryptantha spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CDw
Aooendix B ^continued)
2002 2003
Plants: Dec-Jan Jan-Feb Feb-Apr Avg. Dec-Feb Feb-Mar Mar-Apr Avg.
N=15 N=15 N=20 N=50 N=19 N=15 N=15 49
Equisetum arvense 0.0 0.0 0.0 0.0 1.1 0.4 0.0 0.7
Erigeron spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lesquerelta occidentalis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lomatium spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lupinus spp. 12.2 2.7 2.1 4.8 4.9 1.2 5.3 4.1
Medicago/rnfolium/Melilotus 0.3 0.0 3.0 1.6 0.0 0.0 0.0 0.0
Mertensia spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Phacefia spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Phlox spp. 0.3 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Plantago spp. 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0
Potentilla spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Senecio spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SoHdago spp. 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0
Legume Pod 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Forb 0.7 0.2 1.8 1.1 1.3 1.3 0.6 1.1
Forb stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Forbs: 19.4 4.1 7.8 9.8 8.6 3.7 12.2 8.3
Agropyron spp. 14.1 27.0 18.7 19.6 39.0 42.1 39.4 39.9
Agrostis spp. 0.0 1.1 2.8 1.7 1.5 5.4 1.9 2.6
Aiopecurus spp. 4.7 3.1 0.6 2.3 5.1 2.6 1.5 3.6
Bromus spp. 4.0 0.7 2.4 2.4 0.0 0.0 0.8 0.2
Caiamagrostis spp. 2.2 2.9 1.8 2.2 1.5 1.9 1.3 1.6
Dactylis glomerata 10.1 1.5 0.8 3.3 1.8 1.1 0.0 1.2
Danthonia spp. 0.0 0.2 0.8 0.5 0.7 0.0 0.4 0.5
Deschampsia cespitosa 4.2 6.6 3.4 4.4 1.8 1.7 1.0 1.6
2
Aooendix B (continued)
2002 2003
Plants: Dec-Jan Jan-Feb Feb-Apr Avg. Dec-Feb Feb-Mar Mar-Apr Avg.
N=15 N=15 N=20 N=50 N=19 N=15 N=15 49
Efymus spp. 0.7 3.1 0.6 1.3 0.0 1.7 0.0 0.4
Festuca spp. 2.4 6.2 8.3 6.3 0.0 0.0 0.0 0.0
Koeleria cristata 2.0 4.4 7.5 5.4 2.2 7.5 3.5 3.9
Muhlenbergia spp. 0.0 1.1 2.0 1.3 0.4 0.4 0.4 0.4
Poa spp. 11.6 11.7 11.7 11.7 8.1 12.9 9.1 9.6
Stipa spp. 4.7 9.7 14.1 10.7 5.7 3.2 8.7 5.8
Thsetum spp. 0.0 0.7 1.0 0.7 0.4 0.0 0.6 0.4
Other Grasses 2.5 4.2 3.6 3.5 3.1 2.8 1.7 2.7
Total Grasses: 63.2 84.2 80.1 76.9 71.3 83.3 70.3 74.1
Carex spp. 2.7 4.0 2.2 2.8 1.5 1.9 3.5 2.1
Juncus spp. 2.2 1.3 1.0 1.4 4.6 2.4 0.6 3.1
Luzula parviflora 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Other Sedge/Rush 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0
Total Sedge/Rush: 4.9 5.3 3.2 4.2 6.1 4.3 4.1 5.2
Lichen: 0.0 0.4 0.0 0.1 0.0 0.4 0.0 0.1
Seed/Nut 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.2
Insect: 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.1
Moss 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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Appendix C Percent species composition of fall cattle diets based on fecal analysis. Fecal samples collected 
around the Theodore Roosevelt Memorial Ranch. Each sample represents a collection of samples combined 
over a month long period. Each sampling period started middle of the month and continued until the middle of
Plants:
2002 2003
Sept-Nov Nov-Dee Dec-Jan Avg Sept-Oct Oct-Nov Nov-Dee Dee-Jan Avg.
N=20 N=15 N=15 50 N=21 N=21 N=21 N=21 N=84
Juniperus spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pinus spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pseudotsuga menziesH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Other Conifers 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Conifers: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amelanchier afnifolia leaf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Amelanchier alnlfolia stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Arctostaptiylos spp. stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Artemisia frigida/ludoviciana 0.1 0.0 0.0 0.0 0.0 1.2 0.0 0.0 0.3
Artemisia tfidentata/cana 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.1
Artemisia spp. stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Chrysothamnus spp. 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Comus stoienifera 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Crataegus leaf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Etaeagnus commutata 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Elaeagnus œmmutata stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mahonia (Berberis) repens 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Popuiusspp. leaf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Populus spp. stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Prunus virginiana leaf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Prunus virginiana stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ÂDDendix C (continued)
2002 2003
Plants: Sept-Nov Nov-Dee Dec-Jan Avg Sept-Oct Oct-Nov Nov-Dee Dec-Jan Avg
Ribes spp. leaf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ribes spp. stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rosa spp, stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rubus spp. leaf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Rubus spp. stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sal/x spp. leaf 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.1
Salix spp. stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.2
Symphoricarpos albus leaf 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Symphohcarpos albus stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Shrub leaf 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.1
Shrub stem 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.4 0.2
Total Shrubs: 0.2 0.0 0.0 0.1 0.3 2.0 0.0 1.0 0.8
Achillea spp. 0.7 0.0 0.0 0.2 0.0 0.2 0.0 0.0 0.1
Antennaria spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Arnica spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aster spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Astragalus spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Balsamorhiza sppi 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.2
Castilleja spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cirsium spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Collomia spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cryptantha spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Equisetum arvense 0.0 0.5 0.0 0.3 0.0 0.0 0.0 0.0 0.0
Erigeron spp. 0.2 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0
Erysimum spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Heuchera spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
00
Appendix C (continued)
2002 2003
Plants: Sept-Nov Nov-Dee Dec-Jan Avg Sept-Oct Oct-Nov Nov-Dee Dec-Jan Avg.
Lesquerella occidentafis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lomatium spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lupinus spp. 0.9 0.8 0.0 0.6 3.4 0.5 0.0 0.0 1.0
Medicago/Trifolium/Melitotus 0.1 0.1 0.2 0.1 0.6 0.2 0.0 0.0 0.2
Mertensia spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Oxytropis spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Phacelia spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Phlox spp. 0.6 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0
Piantago spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Potentilla spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Senecio spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Solldago spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Legume Pod 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.1
Mustard 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.1
Forb 1.5 0.5 1.2 0.9 0.2 0.9 0.8 0.9 0.7
Forb stem 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Forbs: 4.0 1.9 1.4 2.3 5.6 1.8 0.8 0.9 2.3
Agropyron spp. 12.9 11.6 10.2 11.6 15.7 8.5 9.5 13.2 11.7
Agrostis spp. 5.1 5.5 4.6 5.2 3.6 0.9 6.5 6.7 4.4
Atopecurus spp. 3.9 2.5 3.5 3.1 3.5 1.5 4.6 3.5 3.3
Bromus spp. 4.9 9.1 5.8 7.2 2.3 0.6 3.2 1.7 2.0
Ca/amagrostis spp. 1.5 1.5 0.9 1.4 0.0 3.0 8.5 5.2 4.2
Dactylis glomerata 2.4 2.9 6.0 3.6 5.8 5.3 1.0 0.0 3.0
Danthonia spp. 1.7 5.1 1.8 3.4 10.4 0.9 0.6 3.0 3.7
Deschampsia cespitosa 3.2 6.7 7.5 6.0 1.2 5.7 8.3 8.9 6.0
Elymus spp. 0.0 1.6 1.2 1.1 0.3 0.4 0.0 0.0 0.2
00
CO
Appendix C (continued)
2002 2003
Plants: Sept-Nov Nov-Dee Dec-Jan Avg Sept-Oct Oct-Nov Nov-Dee Dec-Jan Avg.
Festuca spp. 6.9 6.4 9.1 7.2 0.0 0.0 0.0 0.0 0 .0
Koeleria chstata 1.3 1.1 0.0 0.9 0.5 0.4 0.0 2.4 0.8
MuNenbergia spp. 0.0 0.7 0.0 0.4 0.0 0.0 0.4 1.1 0.4
Phleum spp. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Poa spp. 12.6 11.5 17.4 13.3 27.7 22.5 29.0 18.8 24.5
Stipa spp. 9.2 8.7 14.9 10.4 6.6 4.5 9.5 10.3 7.7
Trisetum spp. 0.6 2.0 2.5 1.8 1.2 0.6 0.0 0.0 0.5
Other Grasses 3.2 3.8 3.0 3.5 1.7 2.8 3.6 6.2 3.6
Total Grasses: 69.4 80.7 88.4 79.8 80.5 57.6 84.7 81.0 76.0
Carex spp. 10.9 10.4 1.8 8.4 9.3 12.7 6.0 7.6 8.9
Eleocharis spp. 0.0 0.0 0.0 0.0 1.0 0.0 0.4 0.0 0.4
Juncus spp. 13.3 6.6 4.9 7.9 3.3 25.9 8.1 9.5 117
Luzula parviflora 1.3 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0
Other Sedge/Rush 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Sedge/Rush: 25.5 17.0 6.7 16.6 13.6 38.6 14.5 17.1 21.0
Lichen: 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Seed/Nut 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Insect 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Moss 0.9 0.4 3.5 1.3 0.0 0.0 0.0 0.0 0.0
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
00
CO
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Appendix D. Percent species composition of winter white-tailed deer 
diets in 2003 based on fecal analysis. Fecal samples collected around 
the Theodore Roosevelt Memorial Ranch.
Plants: % Plants: % Plants; %
Juniperus spp. 18.4 Achillea spp. 0.1 Agropyron spp. 3.7
Pinus spp. 0.0 Antennaria spp. 0.1 Agrostis spp. 0.9
Pseudotsuga menzlesii 0.9 Aster spp. 0.1 Alopecurus spp. 0.0
Total Conifers: 19.3 Astragalus spp. 0.0 Bromus spp. 5.6
Balsamorhiza spp. 0.3 Caiamagrostis spp. 1.4
Amelanchier alnifolia leaf 0.5 Castilleja spp. 0.0 Dactylis glomerata 2.5
Amelanchier alnifolia stem 0.7 Cirsium spp. 0.0 Danthonia spp. 0.0
Arctostaphylos spp. stem 2.3 Collomia spp. 0.0 Deschampsia cespitosa 0.5
Artemisia frigida/ludoviciana 1.0 Cryptantha spp. 0.0 Elymus spp. 0.0
Artemisia tridentata/cana 1.1 Equisetum arvense 3.3 Koeleria cristata 0.9
Artemisia spp. stem 0.5 Erigeron spp. 0.1 Muhlenbergia spp. 0.3
Ceanothus velutinus leaf 0.5 Erysimum spp. 0.0 Phleum spp. 2.5
Ceanothus velutinus stem 0.0 Heuchera spp. 0.5 Poa spp. 10.4
Chrysothamnus spp. 0.7 Lesquerella occidentalis 0.0 Stipa spp. 3.9
Cornus stoienifera 0.3 Lomatium spp. 0.5 Trisetum spp. 0.0
Crataegus leaf 0.0 Lupinus spp. 3.0 Other Grasses 3.7
Etaeagnus commutata 3.5 Medicago/T rifolium/Melilotu 1.1 Total Grasses: 36.3
Elaeagnus commutata stem 0.0 Mertensia spp. 0.5
Mahonia repens 0.0 Oxytropis spp. 0.0 Carex spp. 3.0
Mahonia repens stem 2.5 Phacelia spp. 0.0 Eleocharis spp. 0.0
Populus spp. leaf 1,6 Phlox spp. 0.9 Juncus spp. 0.7
Populus spp. stem 0.9 Piantago spp. 0.0 Total Sedge/Rush: 3.7
Prunus virginiana leaf 1.1 Potentilla spp. 0.1
Prunus virginiana stem 0.7 Senecio spp. 0.3 Lichen: 0.0
Ribes spp. leaf 0.0 Soiidago spp. 0.3 Seed/Nut 0.2
Ribes spp. stem 0.0 Legume Pod 0.0 Insect 0.7
Rosa spp. stem 0.3 Monocot Forb 1.4
Rubus spp. leaf 0.0 Mustard 0.0
Rubus spp. stem 0.0 Forb 2.5
Salix spp. leaf 0.0 Total Forbs: 15.1
Salix spp. stem 3.3
Symphoricarpos albus leaf 0.0
Symphoricarpos albus stem 0.5
Shrub leaf 1.6
Shrub stem 1.1
Total Shrubs: 24.7
Appendix E. Aspen growth measurements on the Theodore Roosevelt Memorial Ranch______
2002
Site HPYG HD AGE LI L2 L3 NAGRL3 NAGRT ID  INDEX
Mean StdDev Mean
Std
Dev Mean
Std
Dev Mean
Std
Dev Mean
Std
Dev Mean
Std
Dev Mean
Std
Dev Mean
Std
Dev Mean
Std
Dev
1 98.7 30.9 89.9 51.6 11.8 4.3 10.6 16.7 5.2 4.8 8.4 8.3 8.1 8.4 10.5 7.5 8.8 41.5
2 71.9 18.3 58.0 19.0 7.2 2.1 11.1 10.9 10.4 7.9 10.1 8 9 10.5 6.6 11.2 5.2 13.9 19.7
3 67.4 27.8 618 28.0 10.7 4.6 5.3 9.9 4.6 5.8 4.0 4.0 4.6 3.8 6.8 2.8 5.6 11.2
4 78.0 30.3 49.1 34.7 6.3 1.9 23.9 14.0 10.8 9.7 9.4 7.5 14.7 6.4 13.0 4.6 28 9 37.2
5 73.1 30.7 71.9 24.9 11.6 5.3 4.7 6.2 2.5 2.4 6.0 5.2 4.4 3.1 6.7 2.7 1.3 21.4
6 76.1 275 63.4 36.4 12.7 5.7 7.9 11.0 7.1 7.4 5.7 4.8 6.9 3.9 6.6 2.8 12.8 37.2
7 86.7 31.0 32.1 36.9 9.1 3.1 14.1 12.5 9.1 7.4 12.7 10.3 11.9 7.6 10.7 5.6 54.6 50.5
8 71.0 32.1 24.1 33.0 7.3 4.0 11.7 12.4 11.0 7.8 10.9 7.4 11.2 6.9 11.3 5.5 46.9 38.4
9 63.8 21.6 36.3 29.7 7.6 3.2 13.8 11.2 7.9 8.2 4.6 4.8 8.7 4.7 9.3 4.1 27.5 32.9
10 53.4 27.0 62.3 26.2 5.9 2.6 8.8 11.0 6.1 11.1 8.1 8.5 7.7 6.2 10.2 5.6 -9.0 34.1
11 79.3 27.7 57.7 29.6 11.3 4.0 10.2 10.6 4.3 3.5 7.4 5.6 7.3 4.6 7.4 2.4 21.7 24.0
12 81.5 32.9 45.8 48.0 5.5 1.7 16.6 130 13.1 10.1 16.0 11.9 15.2 7.0 15.6 6.1 35.7 52.1
Avg. 75.1 29.9 54.3 37.9 8.9 4.4 11.6 12.6 7.7 8.1 8.6 8.2 9.3 6.8 10.0 5.4 20.7 391
<o
Aooendix E (continued)
2003
SITE HPYG HD AGE L1 12 L3 NAGRL3 NAGRT LD INDEX
Mean Std.Dev Mean
Std.
Dev Mean
Std.
Dev Mean
Std.
Dev Mean
Std.
Dev Mean
Std.
Dev Mean
Std.
Dev Mean
Std.
Dev Mean
Std.
Dev
1 60.9 13.2 37.2 31.2 7.3 4.1 23.0 15.5 8.1 7.5 10.1 10.7 13.7 7.0 10.9 6.0 237 34.2
2 69.3 28.2 40.5 37.3 6.0 3.7 16.7 12.5 7.8 9.4 18.8 17.7 14.4 10.1 14.4 7.2 28.8 33.8
3 72.2 35.5 72.1 35.3 13.9 6.3 20 3 16.1 3.9 6.2 3.3 4.7 9.2 6.2 6.3 4.1 0.2 29.1
4 70.6 20.5 35.0 33.9 5.1 1.8 27.0 17.8 13.7 13.2 10.2 9.3 16.9 8.8 15.8 7.5 35.7 34.6
5 69.3 33.1 46.3 38.6 8.4 5.2 14.2 10.3 10.0 8.5 7.5 7.1 10.6 5.1 10.3 5.1 23.1 27.2
6 52.7 19.4 41.5 22.9 8.7 4.2 4.8 3.9 8.5 8.3 9.2 8.4 7.5 4.2 6.9 3.0 11.3 16.6
7 98.8 29.9 44.5 47.5 8.0 55 19.3 17.5 17.3 18.2 12.6 14.9 16.4 11.5 17.4 11.9 54.3 47.1
8 63.4 26.6 41.1 32.5 8.2 4.1 11.5 11.2 12.0 9.7 10.9 8.8 11.5 5.8 9.1 4.4 22.3 39.8
9 72.5 25.6 40.0 38.0 8.6 3.3 15.2 9.5 10.0 11.1 9.1 7.2 114 6.1 9.3 4.9 32.6 30.1
10 44.2 18.9 62.1 33.4 5.9 1.9 9.2 10.6 5.0 7.2 3.2 4.4 5.8 4.7 8.1 3.7 -18.0 25.4
11 60.5 31.7 36.9 35.9 8.2 5.0 11.0 9.9 9.1 9.4 8.7 8.2 9.6 5.5 9.1 4.6 23.6 20.5
12 68.4 18.6 29.4 31.4 5.1 2.2 13.6 14.1 18.3 16.3 145 15.4 15.5 6.8 15.2 6.5 39.0 28.5
13 71.3 28.3 42.4 34.8 7.5 4.4 16.4 11.8 13.7 16.1 10.9 11.5 13.6 8.0 11.7 6.9 28.9 41.4
14 57.8 9.9 20.6 23.6 6.5 4.2 16.9 11.7 8.8 101 10.8 11.7 12.2 5.3 11.7 5.4 37.2 23.9
Avg. 66.4 27.4 42.1 358 7.7 4.6 15.6 13.7 10.4 11.8 9.9 11.1 12.0 7.6 11.1 6.8 24.3 35.4 8
Aooendix E (continued^
2002-2003
SITE HPYG HD AGE L1 L2 L3 NAGRL3 NAGRT LD INDEX
Mean Std.Dev. Mean
Std.
Dev. Mean
Std.
Dev. Mean
Std.
Dev. Mean
Std.
Dev. Mean
Std.
Dev. Mean
Std.
Dev. Mean
Std.
Dev. Mean
Std.
Dev.
1 79.8 30.3 63.6 49.8 9.5 4.7 16.8 17.1 6.6 6.4 9.2 9.5 10.9 8.1 10.7 6.7 16.2 38.3
2 70.6 23.5 49.2 30.5 6.6 3.0 13.9 11.9 9.1 8.7 14.4 14.5 12.5 8.6 12.8 6.4 21.4 28.3
3 69.8 31.6 66.9 31.9 12.3 5.7 12.8 15.2 4.2 5.9 3.7 4.3 6.9 5.6 6.6 3.5 2.9 21.9
4 74.3 25.8 42.0 34.6 5.7 1.9 25.4 15.9 12.2 11.5 9.8 8.3 15.8 7.7 14.4 6.3 32.3 35.7
5 71.2 31.6 59.1 34.6 10.0 5.5 9.5 9.7 6.3 7.3 6.7 6.2 7.5 5.2 8.5 4.4 12.2 26.5
6 64.4 26.3 52.4 32.0 10.8 5.4 6.3 8.3 7.8 7.8 7.5 6.9 7.2 4.0 6.7 2.8 12.0 28.5
7 92.6 30.7 38.1 42.3 8.6 4.4 16.6 152 13.1 14.2 12.7 12.6 14.1 9.8 13.9 9.6 54.5 48.2
8 67.2 29.4 32.6 33.5 7.7 4.0 11.6 11.6 11.5 8.7 10.9 8.0 11.3 6.3 10.2 5.1 34.6 40.6
9 68.2 23.8 38.1 33.7 8.1 3.3 14.5 10.3 9.0 9.7 6.8 6.5 10.1 5.6 9.3 4.5 30.0 31.3
10 48.8 23.5 62.2 29.6 5.9 2.2 9.0 10.7 5.5 9.3 5.6 7.1 6.7 5.5 9.1 4.8 -13.5 30.0
11 69.9 30.9 47.3 34.1 9.7 4.7 10.6 10.1 6.7 7.4 8.0 7.0 8.4 5.2 8.3 3.8 22.6 22.1
12 74.9 27.2 37.6 40.9 5.3 2.0 15.1 13.5 15.7 13.6 15.2 13.6 15.4 6.8 15.4 6.2 37.3 41.5
13 71.3 28.3 42.4 34.8 7.5 4.4 16.4 11.8 13.7 16.1 10.9 11.5 13.6 8.0 11.7 6.9 28.9 41.4
14 57.8 9.9 20.6 23.6 6.5 4.2 16.9 11.7 8.8 10.1 10.8 11.7 12.2 5.3 11.7 5.4 37.2 23.9
Avg. 70.4 28.9 47.7 37.2 8.2 4.6 13.7 13.3 9.1 10.3 9.3 9.9 10.7 7.3 10.6 6.2 22.7 37.2 COCJ
Appendix F. Chokecherry growth measurements on the Theodore Roosevelt Memorial Ranch
2002
SITE HPYG HD CYG LI 12 13 AS NAGRL3 NAGRT LD INDEX
Mean Std.Dev. Mean
Std.
Dev. Mean
Std.
Dev. Mean
Std.
Dev. Mean
Std.
Dev. Mean
Std.
Dev. Mean
Std.
Dev. Mean
Std.
Dev. Mean
Std.
Dev. Mean
Std.
Dev.
1 81.3 26.3 79.5 27.8 10.3 5.5 2.8 2.0 2.0 2.0 4.5 4.5 14.3 6.5 3.1 2.0 6.3 2.3 4.1 1.7
2 94.4 33.7 74.3 35.3 — — 5.8 6.1 4.4 39 7.9 7.6 15.5 7.5 6.0 4.7 7.3 3.9 20.9 20.2
3 65.3 20.1 65.2 23.4 — — 1.8 1.7 2.6 5.6 2.6 2.9 13.4 4.7 2.3 2.4 5.1 1.4 12.0 0.1
4 470 9.8 44.1 11.1 7.6 5.2 3.6 4.1 2,5 2.4 7.1 8.7 8.0 3.4 4.4 4.4 7.2 3.7 5.1 2.9
5 84.0 21.2 82.0 27.1 8.2 4.5 3.5 4.2 2.2 2.1 5.9 6.5 14.7 6.2 3.8 3.1 6.7 2.7 15.5 2.1
6 700 19.3 68.4 19.2 6.1 3.8 3.1 2.0 4.2 6.1 9.8 12.8 8.7 2.4 5.7 5.1 8.4 2.8 6.8 1.6
7 69.6 21.3 56.3 33.4 6.1 4.6 9.8 8.6 5.8 6.6 12.5 10.7 6.9 3.1 9.4 5.4 11.1 4.0 17.2 13.3
8 62.3 22.9 63.2 27.5 6.7 5.8 3.6 4.1 2.3 1.9 6.3 5.8 10.8 3.2 4.1 2.3 6.0 2.2 17.0 -0.9
9 70.9 33.6 73.3 39.6 5.4 4.6 3.8 4.1 4.9 6.1 10.4 10.3 10.5 4.1 6.4 4.5 7.2 2.7 28.0 -2.4
10 48.1 13.3 42.2 18.5 5.5 6.6 4.4 5.1 4.1 4.3 5.7 4.4 9.3 4.4 4.7 3.6 6.4 3.3 19.2 5.9
11 72.3 23.3 69.9 31.5 6.1 4.2 2.9 1.8 1.6 1.1 5.5 7.0 8.9 3.1 3 3 2.4 8.9 3.7 21.8 2.4
12 83.5 20.7 82.6 230 4.6 3.6 6.0 4.8 2.5 2.0 4.1 3.5 11.6 3.6 4.2 2.1 7.8 2.9 7.8 1.0
13 38.7 13.2 36.4 14.8 5.1 4.0 2.5 2.3 2.6 3.8 3.0 4.1 7.8 2.0 2.7 2.5 5.3 1.9 11.5 2.3
14 40.4 15.7 37.6 18.2 9.2 5.2 4.4 3.6 1.8 2.6 3.5 4.9 9.2 3.1 3.2 2.3 4.7 1.5 10.0 2.8
15 38.4 7.2 38.5 11.6 5.8 3.4 2.9 4.8 3.2 3.3 4.2 8.0 10.3 3.1 3.4 3.1 4.2 1.7 12.3 -0.1
16 74.3 21.1 81.0 20.0 8.2 5.0 3.8 2.8 2.6 2.2 6.2 7.1 11.7 3.4 4.2 2.5 6.8 2.7 14.1 -6.7
17 47.2 17.0 50.5 16.4 4.6 3.8 3.2 3.9 4.0 5.4 4.2 7.2 10.3 3.7 3.8 3.7 5.0 2.1 9.7 -3.4
18 66.2 13.5 50.7 28.2 10.1 4.7 7.8 8.8 7.8 6.2 6.4 4.3 10.4 3.8 7.3 5.2 7.4 3.8 26.5 15.5
19 56.9 19.5 49.6 18.9 3.8 3.4 5.1 7.8 6.0 11.2 6.0 8.8 8.4 3.7 5.7 6.6 8.1 4.9 21.3 7.3
20 59.0 18.8 55.5 23.8 2.6 2.1 4.0 4.3 2.5 2.3 7.0 8.7 10.3 4.4 4.5 3.5 6.6 2.7 11.8 3.6
21 42.7 15.8 45.9 24.4 3.3 2.1 4.2 8.2 2.7 4.2 5.1 7.1 10.3 4.5 4.0 4.8 5.1 3.3 22.1 -3.2
22 55.9 12.6 56.8 21.5 4.3 2.8 2.5 2.2 3.5 3.5 6.9 11.2 11.2 4.5 4.3 4.5 5.8 2.4 19.5 -0.9
23 37.3 11.2 40.4 9.9 4.7 2.5 2.8 3.7 1.8 2.6 3.0 4.3 11.0 3.0 2.5 2.2 3.5 1.0 3.2 -3.1
24 51.3 17.9 49.3 21.0 2.9 3.2 4.2 5.3 2.6 1.3 5.8 8.2 10.6 4.0 4.2 4.1 5.2 1.9 10.5 2.0
25 41.0 11.0 38.6 12.2 7.6 4.6 5.5 4.2 4.2 5.3 2.7 2.2 9.0 2.5 4.1 2.3 5.1 2.7 8.1 2.4
26 50.8 25.0 53.0 24.5 4.8 2.8 2.0 1.2 1.0 0.7 2.0 1.8 13.2 5.9 1.7 0.9 4.0 1.3 6.4 -2.2
27 44.2 12.6 44.1 9.3 5.6 4.7 1.8 1.3 1.9 30 3.3 6.3 8.3 3.0 2.3 3.2 5.9 2.3 9.0 0.1
28 36.0 12.5 36.1 12.4 9.0 6.6 5.4 7.2 2.8 2.3 4.5 4.9 13.5 7.2 4.2 2.9 3.2 1.5 6.6 -0.1
Avg. 57.3 24.1 55.5 26.4 6.1 4.7 3.9 4.8 3.1 4.4 5.4 7.2 10.6 4.6 4.1 3.8 6.1 3.1 15.5 1.9
Appendix F (continued)
2003
SITE HPYG HD CYG L1 L2 L3 AS NAGRL3 NAGRT LD INDEX BERRIES
Mean SD Mean SD. Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
1 621 28.5 66.4 37.0 104 7.7 4.4 5.1 2.2 3.1 4.8 5.8 — — 3.8 3.0 — -4.3 24,8 0.0 0.0
2 85.7 30.8 66.6 36.3 11.2 6.1 13.8 7.0 5.2 5.2 3.9 3.5 — ■■ ■ 7.6 2.3 — — 19.1 20,3 0.0 0.0
3 60.6 195 58.3 23.0 4.9 5.2 2.8 2.6 2.8 4.2 5.4 13.3 13.0 4.8 3.7 4.7 5.2 2.2 2.3 11.0 9.0 13.9
4 43.7 16.3 41.4 16.9 4.6 4.8 3.4 3.3 2.1 2.2 3.6 3.1 9.6 3.7 3.0 2.4 5.1 2,7 2.4 4.8 1.0 2.1
5 57.4 23.9 56.1 22.2 6.8 9.6 3.1 2.9 2.9 4.0 2.4 3.4 12.6 5.5 2.8 2.0 4.9 1.9 1.3 6.9 3.2 7.9
6 41.5 13.4 36.9 15.3 3.6 2.4 6.4 5.0 3.0 3.5 3.8 6.2 10.9 3.9 4.4 3.7 4.2 1.9 4.6 7.0 2.1 6.2
7 66.2 20.5 54.7 32.4 13.2 6.5 7.0 7.1 12.6 18.2 13.6 12.1 — — 11.1 8.6 — 11.6 37.0 1.6 3.2
8 39.7 6.2 32.3 15.2 2.1 1.9 3.1 2.4 3.2 3.7 7.5 9.6 8.8 3.1 4.6 4.2 5.3 2,6 7.4 151 0.2 0.4
9 63.8 21.2 59.7 22.4 7.5 6.4 4.8 3.8 3.8 5.3 6.3 5.8 — — 5.0 3.8 — 4.1 6.7 0.4 1.6
10 59.9 24.5 63.8 24.9 3.2 2.6 1.9 1.6 1.6 1.2 1.2 0.7 14.3 4.3 1.6 0.6 4.4 1,7 -4.0 20.8 0.0 0.0
11 58.2 18.6 55.4 33.0 4.5 4.6 1.9 1.5 2.8 3.1 3.1 2.6 10.9 4.4 2.6 1.4 6.0 2.9 2.9 24.8 2,6 5.0
12 78.4 24.3 73.9 24.9 6.0 5.8 4.9 4.7 5.5 5.3 5.2 8.3 105 4.0 5.2 4.5 8.1 2.8 4.5 9.7 0.1 0.2
13 35.6 10.0 35.3 13 2 2.8 2.0 1.7 1.4 2.6 3.6 3.0 5.6 8.6 2.8 2.4 3.1 4.6 2.3 0.3 11.2 0.1 0.2
14 36.8 15.6 32.3 19.7 4.9 4.0 4.5 3.8 3.3 5.4 2.6 4.7 9.9 36 3.5 3.4 4.2 2.5 4.5 12.3 5.2 10.6
15 34.9 10.4 26.7 19.6 6 5 3.1 4.0 5.0 3.8 4.8 6.3 9.5 8.2 3.5 4.7 4.2 4.9 2.2 8.3 14.0 0.2 0.7
16 79.8 32.3 73.3 40.0 7.2 5.3 7.0 5.2 6.0 7.3 2.1 1.6 11.2 5.1 5.0 3.0 8.2 4.4 6.5 20.3 19.8 38.8
17 51.0 9.8 48.2 11.0 7.6 5.9 5.6 7.4 2.4 3.5 1.6 1.3 12.3 3.4 3.2 3.1 4.6 2,3 2.8 8.9 28.2 33.7
18 54.8 17.0 44.5 21.5 9.3 6.5 5.7 4.3 5.1 6.0 5.0 6.8 10.2 3.1 5.3 4.8 6.0 2,9 10.3 20.6 10.2 13.5
19 90.9 19.1 87.3 22.3 8.4 3.0 5.7 5.4 4.6 6.1 4.7 4.9 15.4 5.1 5.0 3.1 6.5 2,3 3.6 7.0 18.2 458
20 67.2 23.8 57.0 34.4 7.3 6.6 4.2 4.4 9.5 10.1 7.1 8.1 9.5 5.3 6.9 4.9 8.1 2,8 10.2 19.1 67.9 231.5
21 43 3 16.0 42.1 18.2 2.7 3.1 2.6 3.4 1.3 1.4 1.4 1.8 12.9 5.3 1.8 1.9 3.7 1,4 1.2 14.4 11.8 21.0
22 38.4 14.9 36.4 17.4 2.7 3.3 2.4 1.9 2.4 2.1 3.1 3.2 8.6 2.8 2.6 1.6 4.8 2.0 2.0 11.0 0.0 0.0
23 33.8 8.6 33.4 12.9 3.9 4.7 3.0 3.3 2.9 4.7 1.7 2.4 11.3 4.2 2.5 2.3 3.2 1.0 0.4 6.5 4.1 7.2
24 44.6 22.5 41.7 24.6 4.9 4.3 1.7 1.2 3.2 2.3 4.9 6.5 9.4 2.9 3.3 2.6 5.0 2.4 2.9 9.1 0.0 0.0
25 47.5 13.0 41.1 16.3 11.5 7.1 4.8 4.0 8.8 8.5 6.3 7.2 7.6 3.0 6.6 4.0 7.3 2,7 6.4 15.0 1.0 2.1
26 46.6 16.8 45.6 19.6 5.2 3.5 3.7 3.4 2.3 2.2 3.5 3.4 13.8 5.9 3.2 1.5 3.8 1.6 1.0 4.6 0.2 0.9
27 39.8 10.9 44.1 13.2 6.9 2.9 3.4 2.7 3.0 4.3 4.7 6.0 8.6 3.5 3.7 3.1 5.4 2.6 -4.4 11.0 0.4 1.1
28 42.2 12.8 44.4 12.1 7.3 5.4 3.7 2.3 2.7 2.8 6.6 12.8 — — 4.3 4.6 — - -2.2 6.7 1.0 3.0
29 49.5 18.3 43.8 21.7 8.8 6.6 4.2 6.6 3.2 5.1 3.7 3.8 13.3 5.1 3.7 4.5 4.4 2,8 5,8 15.1 5.2 6.5
30 58.7 18.0 51.9 25.2 10.2 8.0 3.1 5.1 6.3 7.2 6.8 7.0 10.6 4.6 5.4 4.6 6.7 3.6 6.8 14.9 35.2 60.5
31 73.9 23.7 69.8 26.4 6.8 5.3 3.1 3.3 3.0 4.7 2.7 2.8 14.8 5.7 2.9 2.2 5.5 2.2 4.1 11.1 0.5 1.6
32 56.0 17.6 49.1 22.6 3.6 2.1 5.1 3.8 3.0 2.5 2.4 4.0 13.0 5.3 3.5 1.8 4.7 1.7 6.9 11.6 0.7 0.0
33 32.3 13.3 30.7 17.8 1.9 1.9 2.6 1.7 2.1 2.4 3.2 4.7 7.6 1.9 2.7 2.6 4.4 1.9 1.6 12.0 3.5 0.0
34 55.0 27.8 47.7 28.4 8.6 5.3 5.1 4.0 5.9 7.4 2.5 3.4 9.8 4.8 4.5 3.6 5.9 2,2 7.3 11.0 0.2 13.9
Avg. 53.4 24.0 49.4 26.8 6.3 5.7 4.2 4.5 3.9 5.9 4.2 6.5 10.9 4.7 4.1 3.9 5.4 2,7 4.0 15.0 7.0 2.1
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Appendix F (continued)
2002-2003
SITE HPYG HD CYG LI L2 13 AS NAGRL3 NAGRT LD INDEX BERRIES
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
1 71.7 28.6 73.0 32.8 10.4 6.6 3.6 3.9 2.1 2.6 4.7 5.1 14.3 6 5 3.5 2.5 6.3 2.3 -1.3 17.8 0.0 0.0
2 896 31.8 70.0 35.4 11.2 6.1 10.2 7.7 4.8 4.6 5.7 5.9 15.5 7.5 6.9 3.6 7.3 3.9 196 20.1 0.0 0.0
3 62.9 19.7 617 23.2 4.9 5.2 2.3 2.2 2.7 4.9 4.0 9.6 13.2 4.7 3.0 3.8 5.1 1.8 1.2 11.4 9.0 13.9
4 45.3 13.4 42.7 14.2 6.1 5.1 3.5 3.7 2.3 2.2 5.3 6.7 8.8 3.6 3.7 3.6 6.2 3.4 2.6 4.9 1.0 2.1
5 70.7 26.1 69.0 27.7 7.5 7.4 3.3 3.6 2.5 3.2 4.1 5.4 13.7 5.9 3.3 2.6 5.8 2.5 1.7 11.8 3.2 7.9
6 55.7 21.8 52.6 23.4 4.9 3.4 4.8 4.1 3.6 5.0 6.8 10.4 9.8 3.4 5.1 4.4 6.3 3.2 3.1 7.0 2.1 6.2
7 67.6 20.4 55.3 32.1 10.4 6.7 8.1 7.7 9.9 14.9 13.1 11.4 6.9 3.1 10.4 7.4 11.1 4.0 12.2 30.2 1.6 3.2
8 51.0 20.1 47.8 26.9 4.4 4.9 3.3 3.3 2.7 2.9 6.9 7.8 9.8 3.3 4.3 3.4 5.7 2.4 3.3 16.4 0.2 0.4
9 67.6 28.3 66.9 32.9 6.2 5.4 4.3 3.9 4,4 5.7 8.5 8.7 10.5 4.1 5.7 4.2 7.2 2.7 0.7 20.9 0.4 1.6
10 54.0 20.3 53.0 24.2 4.4 5.1 3.2 3.9 2.9 3.4 3.5 3.8 11.8 5.0 3.2 3.0 5.4 2.8 1.0 20.4 0.0 0.0
11 65.2 22.0 62.6 32.7 5.3 4.4 2.4 1.7 2.2 2.4 4.3 5.3 9.9 3.9 3.0 2.0 7.5 3.6 2.6 23.0 2.6 5.0
12 81.0 22.4 78.2 24.1 5.1 4.5 5.5 4.8 4.0 4.2 4.6 6.3 11.0 3.8 4.7 3.5 7.9 2.8 2.7 8.8 0.1 0.2
13 37.1 11.6 35.8 13.9 4.0 3.4 2.1 1.9 2.6 3.7 3.0 4.8 8.2 2.4 2.6 2.8 4.9 2.1 1.3 11.2 0.1 0.2
14 38.6 15.5 34.9 18.9 7.1 5.1 4.4 3.7 2.6 4.2 3.1 4.8 9.6 3.4 3.4 2.9 4.5 2.0 3.7 11.1 5.2 10.6
16 367 9.0 32.6 17.0 6.1 3.2 3.4 4.9 3.5 4.1 5.3 8.7 9.3 3.4 4.1 3.7 4.5 2.0 4.1 13.6 0.2 0.7
16 77.0 27.1 77.1 31.5 7.7 5.1 5.4 4.4 4.3 5.6 4.1 5.5 11.4 4.3 4.6 2.7 7.5 3.7 -0.1 18.5 19.8 388
17 49.0 13.9 49.4 13.9 6.0 5.0 4.4 5.9 3.2 4.6 3.0 5.3 11.3 3.7 3.5 3.4 4.8 2.2 -0.4 9.7 28.2 33.7
18 60.5 16.2 47.6 24.9 9.7 5.6 6.8 6.9 6.5 6.2 5.7 5.7 10.3 3.4 6.3 5.0 6.7 3.4 12.9 23.6 10.2 13.5
19 73.9 25.7 68.4 27.9 6.1 4.0 5.4 6.6 5.3 8.9 5.4 7.1 11.9 5.7 5.3 5.1 7.3 3.9 5.4 15.8 18.2 458
20 63.1 21.5 56.2 29.2 4.9 5.4 4.1 4.3 6.0 8.1 7.0 8.3 9.9 4.8 5.7 4.4 7.4 2.9 6.9 16.0 67.9 231.5
21 43.0 15.7 44.0 213 3.0 2.7 3.4 6.2 2.0 3.2 3.3 5.4 11.6 5.1 2.9 3.8 4.4 2.6 -1.0 18.6 11.8 21.0
22 47.1 16.3 46.6 21.9 3.5 3.1 2.4 2.0 3.0 2.9 5.0 8.3 9.9 3.9 3.5 3.4 5.3 2.2 0.6 15.7 0.0 0.0
23 35.5 10.1 36.9 11.9 4.3 3.8 2.9 3.5 2.4 3.8 2.3 3.5 11.1 3.6 2.5 2.2 3.4 1.0 -1.4 5.3 4.1 7.2
24 48.4 19.9 46.0 22.6 3.8 3.8 3.1 4.2 2.8 1.8 5.4 7.4 10.1 3.6 3.8 3.5 5.1 2.1 2.4 9.8 0.0 0.0
25 44.2 12.3 39.8 14.3 9.7 6.3 5.2 4.1 6.5 7.4 4.5 5.6 8.3 2.8 5.4 3.5 6.2 2.9 4.4 12.0 1.0 2.1
26 48.7 21.2 49.3 22.2 5.0 3.2 2.9 2.7 1.6 1.7 2.7 2.8 13.5 5.8 2.4 1.4 3.9 1.5 -0.6 5.7 0.2 0.9
27 42.0 11.8 44.1 11.3 6.3 3.9 2.6 2.3 2.4 3.7 4.0 6.1 8.4 3.2 3.0 3.2 5.7 2.4 -2.1 10.2 0.4 1.1
28 39.5 12.9 40.8 12.7 8.0 5.9 4.5 5.0 2.7 2.6 5.7 10.1 13.5 7.2 4.3 3.9 3.2 1.5 -1.3 6.7 1.0 3.0
29 49.5 18.3 43.8 21.7 8.8 6.6 4.2 6.6 3.2 5.1 3.7 3.8 13.3 5.1 3.7 4.5 4.4 2.8 5.8 15.1 5.2 6.5
30 58.7 18.0 51.9 25.2 10.2 8.0 3.1 5.1 6.3 7.2 6.8 7.0 10.6 4.6 5.4 4.6 6.7 3.6 6.8 14.9 35.2 60.5
31 73.9 23.7 69.8 26.4 6.8 5.3 3.1 3.3 3.0 4.7 2.7 2.8 14.8 5.7 2.9 2.2 5.5 2.2 4.1 11.1 0.5 1.6
32 56.0 17.6 49.1 22.6 3.6 2.1 5.1 3.8 3.0 2.5 2.4 4.0 13.0 5.3 3.5 1.8 4.7 1.7 6.9 11.6 0.7 2.4
33 32.3 13.3 30.7 17.8 1.9 1.9 2.6 1.7 2.1 2.4 3.2 4.7 7.6 1.9 2.7 2.6 4.4 1.9 1.6 12.0 3.5 11.2
34 55.0 27.8 47.7 28.4 8.6 5.3 5.1 4.0 5.9 7.4 2.5 3.4 9.8 4.8 4.5 3.6 5.9 2.2 7.3 11.0 71.7 0.5
Avg. 55.1 24.1 52.1 26.8 6.2 5.3 4.0 4.7 3.6 5.3 4.8 6.9 10.8 4.7 4.1 3.9 5.7 2.9 3.0 15.2 89.6 45.1
g
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Appendix G. Juniper Photo Ciass 2002
Photo Class
SITE Mean Std. D(
1 1.3 0.5
2 1.6 0.6
3 1.6 0.6
4 2.3 0.5
5 1.7 0.6
6 2.7 0.6
7 2.3 0.5
8 1.8 0.8
9 2.2 0.5
10 2.5 0.6
11 1.3 0.7
12 2.3 0.6
13 1.3 0.5
14 1.5 0.5
15 1.6 0.6
16 2.7 0.6
17 2.0 0.6
18 1.5 0.5
Avg. 1.9 0.5
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Appendix H. Creeping Juniper measurements on the Theodore 
Roosevelt Memorial Ranch in 2003.
PHOTO CLASS NAGR20 (CM) NAGRT (CM)
SITE# Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
JA 2.4 0.8 1.8 0.8 2.4 1.3
JB 2.2 0.9 1.7 1.1 1.8 1.2
JC 2.8 0.4 3.4 2.3 3.8 2.4
JD 1.7 0.7 0.9 0.6 1.2 0.8
JE 1.9 0.7 1.4 0.8 1.6 1.0
JF 2.0 0.5 1.6 0.5 2.1 0.9
JG 1.9 0.5 1.0 0.3 1.1 0.4
JH 2.1 0.7 1.6 0.8 1.8 1.0
Jt 1.9 0.7 1.4 0.5 1.8 0.9
JJ 2.5 0.5 2.1 1.6 2.2 1.4
JK 2.2 0.7 1.1 1.1 1.2 1.1
JL 1.1 0.2 0.8 0.2 1.0 0.4
JM 1.8 0.6 1.6 0.6 2.0 1.0
JN 2.4 0.8 1.9 1.0 2.9 1.8
JO 1.0 0.0 0.6 0.2 0.6 0.2
JP 1.3 0.5 0.9 0.3 1.0 0.5
JO 2.3 0.7 1.9 0.7 2.3 1.0
JR 1.9 0.7 1.0 0.5 1.1 0.5
JS 1.6 0.7 0.9 0.3 1.1 0.5
JZ 2.3 0.8 1.5 0.4 1.7 0.6
HA 1.5 0.7 1.0 0.4 1.1 0.5
HB 1.5 0.8 1.4 1.4 1-6 1.6
HC 1.5 0.7 1.1 0.5 1.3 0-5
HD 1.4 0.7 1.4 1.3 1.8 1.1
HE 2.0 0-9 2.0 1.8 2.4 1.6
HP 2.9 0.4 5.4 2.7 5.8 1.7
HG 2.1 0.8 1.1 0.6 1.2 0.5
HH 1.8 0.7 1.3 0.7 1.5 0.9
Hi 1.6 0.7 2.0 1.9 2.3 1.6
HJ 2.9 0.4 3.7 1.4 4.6 1-6
HK 2.1 0.8 2.5 1.5 3.2 2.3
HO 3.0 0.0 3.2 1.2 4.4 1.6
HP 2.8 0.4 4.0 2.9 4.8 3.2
HS 1.6 0.8 1.4 0.6 1.9 0.8
Baumeister 1.3 0.6 1.0 0.5 1.2 0.6
Baumeister Wildlife 2.2 0.9 1.4 1.1 1.1 0.7
Deer Hill 1.3 0.6 0.7 0.3 0.8 0.4
Deer Hill Livestock 2.5 0.6 1.4 0.6 1.5 0.5
Deer Hill Wildlife 3.0 0.2 5.5 2.5 6.8 2.6
Elk Hangout 2.6 0.5 1.7 0.6 2.1 1.1
Elk Hangout Livestock 2.9 0.3 2.0 0.4 2.9 1.5
Elk Hangout Wildlife 3.0 0.0 4.4 1.2 6.1 1.6
Lower 1500 3.0 0.0 3.1 1.1 4.6 2.0
Lower 1500 Livestock 3.0 0.0 4.5 2.0 5.6 2.0
Lower 1500 Wildlife 3.0 0.0 3.8 1.7 4.3 2.0
Avg. 2.1 0.8 2.0 1.7 2.4 2.1
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Appendix I. Aspen, chokecherry, and creeping juniper site descriptions.
Aspen
Site Aspect Elevation UTM Coordinates
Zone Eastinq Northinq
1 N 1427 12U 374642 5330846
2 E 1448 12U 374313 5330894
3 NW 1432 12U 374134 5331266
4 sw 1495 12U 377116 5327417
5 N 1430 12U 374451 5331149
6 NE 1521 12U 372227 5329335
7 NW 1502 12U 371447 5327947
8 NE 1507 12U 376301 5327064
9 NE 1520 12U 371390 5327410
10 NW 1418 12U 376741 5331488
11 NW 1438 12U 374112 5329887
12 NE 1523 12U 371697 5326173
13 NE 1468 12U 375344 5330006
14 NW 1440 12U 374004 5331178
Lower 1500 Livestock NE 1524 12U 371688 5326953
Lower 1500 Wildlife NE 1526 12U 371645 5326981
Elk Hangout Livestock SE 1508 12U 372917 5329675
Elk Hangout Wildlife SE 1508 12Ü 372852 5329667
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Aooendix I (continued)
Creeping Juniper 2002
Site Aspect Slope Elevation UTM Coordinates
Zone Easting Northing
1 NE 15 1401 12U 375257 5330666
2 E 10 1440 12U 3768052 5328456
3 NW 11 1478 12Ü 3771250 5327156
4 S 18 1409 12Ü 374944 5330985
5 SE 16 1411 12U 375194 5331036
6 SE 22 1434 12U 374954 5330378
7 SW 19 1485 12U 375181 5328386
8 W 23 1505 12U 375810 5326865
9 SW 11 1484 12U 376978 5330329
10 S 21 1469 12U 372901 5329051
11 ■ ■ ■■ 0 1470 12Ü 371700 5327715
12 s 10 1454 12Ü 373489 5329770
13 s 24 1531 12Ü 371432 5327423
14 0 1462 12U 372674 5328036
15 — 0 1454 12U 372404 5327861
16 sw 20 1479 12U 375146 5328721
17 — 0 1539 12U 372165 5328954
18 s 23 1542 12U 371552 5326244
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Appendix I. (continued)
Creeping Juniper 2003
Site Aspect Slope Elevation UTM Coordinates
Zone Eastinq Northinq
JA S 12 1454 12Ü 376742 5328651
JB SB 38 1476 12U 376312 5328501
JC — 0 1477 12U 376934 5327504
JD N 10 1498 12U 375674 5328030
JE N 28 1427 12U 375061 5330844
JF NW 13 1447 12Ü 374784 5330815
JG S 19 1438 12Ü 374879 5331233
JH S 17 1434 12Ü 375134 5331260
J( SE 28 1430 12Ü 375555 5331359
JJ 0 1451 12U 373523 5328721
JK --- 0 1459 12U 373325 5328623
JL SE 37 1507 12U 373118 5329549
JM SW 20 1451 12U 373952 5329397
JN SE 17 1480 12U 372395 5329226
JO SE 20 1437 12U 374913 5330523
JP SW 33 1461 12U 374358 5330256
JQ NW 14 1448 12U 374103 5329849
JR NW 8 1441 12U 375551 5330356
JS SW 41 1534 12U 375396 5329637
JZ W 13 1462 12U 376536 5330665
HA S 21 1462 12U 374492 5330976
HB SE 24 1492 12U 373731 5330344
HC S 9 1484 12U 374544 5328119
HD SW 15 1518 12U 375255 5328750
HE E 20 1526 12U 375244 5327335
HP N 15 1504 12U 375831 5327155
HG N 16 1450 12U 374147 5331102
HH E 14 1488 12U 372191 5328486
HI E 47 1516 12U 372705 5327713
HJ 0 1484 12U 371483 5328005
HK S 27 1534 12U 371385 5327574
HO E 12 1555 12U 371413 5326669
HP E 9 1558 12U 371586 5326166
HS NE 11 1467 12U 373825 5329716
Baumeister —— 0 1470 12U 374557 5330528
Baumeister Wildlife NE 11 1480 12U 374579 5330533
Deer Hill NW 20 1513 12U 375108 5329039
Deer Hill Livestock NW 20 1487 12U 375047 5329120
Deer Hill Wildlife NW 20 1498 12Ü 375087 5329088
Elk Hangout NW 15 1518 12U 372938 5329585
Elk Hangout Livestock NW 15 1509 12U 372950 5329607
Elk Hangout Wildlife NW 11 1509 12U 372913 5329575
Lower 1500 N 14 1536 12U 371601 5327004
Lower 1500 Livestock N 14 1540 12U 371660 5326938
Lower 1500 Wildlife N 13 1533 12U 371666 5326950
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Appendix J. Creeping Juniper Photoclassification Reference Photos
Photo Class 1
Photo Class 2
Photo Class 3
